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A COMPILATION OF GROUND WATER
QUALITY DATA FOR KENTUCKY

Compiled by Rcbert J. Faust, Gary R. Banfield,
and Gregory A. Willinger

INTRODUCTION

Water is a valuable resource that must be protected and managed to be
of maximum benefit to man. This is particularly true of ground water be-
cause pollution can impair or destroy the usefulness of ground-water
sources for decades or centuries.

Knowledge of the quality of ground water and the distribution of sam-
pling sites is important for many reasens. It aids in delineating areas that
have water-quality problems; in delineating areas of sparse data; in plan-
ning water-resources investigations; and in planning the use and manage-
ment of the resource, This report provides most of the data in the files of
the U.5. Geological Survey on the guality of ground water in Kentucky. All
analyses through 1979 are included except for some special purpose repeti-
tive analyses and some with a very limited number of constituents.

County location maps are included with the analyses. These give the
reader a quick look at the tocation, distribution, and density of sampling
sites in each county.

Most of the data in this report resulted from cooperative studies made
with the Kentucky Geological Survey and with other Federal, State, and
local agencies. Much of the following text was adapted from a similar com-
pilation report by Avreti (1968) for Alabama.

QUALITY OF WATER

FACTORS AFFECTING THE CHEMICAL
QUALITY OF GROUND WATER

Many factors influence the chemical character of ground water. The
most important natural factors are the type of soil and rock through which
the water movas and the length of the contact time. An example of rock in-
fluence is the hardness of ground water from the carbonate rocks of the
Blue Grass region of Kentucky.

Naturaily saline or salt water occurs below the fresh water in Kentucky.
The depth to the salt water is generally several hundred feet but may be
only about 100 feet below land surface in places. Most water samples from
depths greater than 1,000 feet have dissolved solids concentrations greater
than 1,000 mg/L {milligrams per liter).

Artificial factors that affect the guality of ground water include such
things as irrigation return flows, pesticides, animal feedlots, landfills, sew-
age lagoons, septic tanks, industrial waste, and storm runoff from urban
areas.

SOURCE AND SIGNIFICANCE OF
MINERAL CONSTITUENTS IN SOLUTION

SILICA

Ground water generally contains some silica because siliceous materials
are present in most secils and rocks. The role of silica in water chemistry is
obscured somewhat because of the uncertainty of the form of silicon in so-
lution. For many years most investigators of water chemistry believed silica
was present in natural water in the form of finely divided particles in col-
loidal suspension. Some investigators have concluded that essentially all
silica in natural water is in ionic {dissolved) form (Mason, 1958, p. 168).

Most silica in water probably is derived from weathering of silicate miner-
als rather than from solution of quartz, because quartz is very resistant to
attack by water. The silica content of natural water is usually less than 30
mg/L. Concentrations in excess of 50 mg/L may occur in waters in contact
with silicate minerals, such as feldspars. Silica is usually present in greater
quantities in ground water than in surface water.

Silica is not particularly significant in water used for irrigation, domestic,
or livestock supplies. it is detrimental in water used for some industrial pur-
poses, if present in appreciable quantities, because it contributes to the for-
mation of boiler scale. Scale formation causes inefficient heat transfer in
low pressure boilers and may cause overheating in high pressure boilers. An
upper limit of 40 mg/L can be tolerated in boiler fead water when operating
at less than 150 psi (pounds per square inch) but more than 1 mg/L cannot
be tolerated when operating at 400 psi and over. Silica also forms scale on
turbine blades. Silica scale may form in pipes; however, a thin deposition
may prevent corrosion by forming a protective coating on the pipe.

IRON

lron is one of the most abundant elemsnts in most rocks and soils. it is
present in cementing material in sandstones, occurs in shales, and as an im-
purity in carbonate rocks. lron is usualy associated with acid mine waste
and may be added to water from iron objects such as storage tanks, pipes,
well casing, hot-water lines, and boilers. Some industrial wastes may gon-
tribute considerable iron to water. Concentrations greater than 1 mg/L are
comman in ground water. Concentrations of iron, manganese, and other
metals are generally expressed in pg/L {micrograms per liter) where pg/L +
1,000 = mg/L.



The presence of iron bacteria serves as an indication of iron in a water.
One of the principal iron bacteria, Crenothrix, derives energy from the oxi-
dation of iron. Colonies of these bacteria may become established in or near
wells and stimulate precipitation of the iron from the water by oxidation.
Iron bacteria may accumuilate on well screens, in wells, pipelines, and other
waterworks structures and may pass into the distribution system and be a
cause of customer complaints.

Iron in ferrous form is unstable in the presence of oxygen. in contact with
oxygen the iron compound may be converted to an insoluble form and pre-
cipitate. The result is "'red water.” More than about 0.3 mg/L iron will stain
clothing and porcelainware. lron imparts an objectionable taste when
greater than about 1.0 mg/L in water. It is objectionable in water supplies
far many industrial uses such as food processing, electroplating, photao-
graphic processses, pulp and paper making, brewing, and textile manufac-
ture. it is of no practical significance to plant growth orsoil texture.

MANGANESE

Manganese resembles iron in occurrence in water and s chemical be-
havior, but the concentration of manganese in water is usually less than
that of iron because it is less abundant in rocks. Generally, higher concen-
trations occur in ground water supplies than in surface water sources be-
cause carbonates, hydroxides, and oxides of manganese are sparingly solu-
ble. In some places, ground water subject to reducing conditions may con-
tain objectionable quantities of manganese. In such areas, iron is usually
present in the water.

Manganese rarely occurs in igneous rocks except as an impurity. Sedi-
mentary and metamorphic rocks often contain minerals with large amounts
of manganese. Manganese may also be added to water by waste effluents.

Manganese in water produces an objectionable taste but it is not consid-
ered to be toxic. It will stain clothing and porcelainware when present in
water in concentrations more than about 0.2 mg/L. Industrial processes
having low iron tolerance also have low manganese tolerance. it is
especially objectionable in waters used by the paper and puip, plastics, and
textile industries. Manganese is essential to plant growth but plant toler-
ances 10 manganess vary widely. Manganess in concentrations above 0.1
mg/L stimulates the growth of Crenothrix and other bacteria,

CALCIUM

Calcium is present in nearly all natural waters because it is relatively solu-
ble in water and it is present in many rocks and most soils. The highest con-
centrations occur in waters in contact with limestone, dolomite, gypsum,
and gypsiferous shale. The degree of solution of limestone is controlied to a
large extent by the presence of carbon dioxide. If carbon dioxide is added to
the system, solution occurs; if carbon dioxide is removed, deposition oc-
curs. Another source of calcium in water is cementing material, which
holds rock grains together and is composed chiefly of calcium carbonate.

Large quantities of calcium are found in some brines. Waters that have
been in contact with granite ot siliceous sand may contain less than 10
rn"g/ L calcium, whereas waters that have been in contact with limestone or
dolomite may contain 30 to 100 mg/L of calcium {(Rainwater and Thatcher,
1960, p. 127). Calcium is present in sewage efflugnts and many industria
wastes.

Calcium is one of the principal constituents contributing to hardness of a
water and the formation of scale. The scale found in containers in which
water is heated or evaporated is caused almast entirely by saits of calcium
and magnesium. A thin deposit of calcium carbonate in pipes is desirable,
however, to serve as a protective coating against corrosion, Aithough it has
been suspected that calcium in drinking water causas different physiologi-
cal reactions, as yet no causal relationship has been proved (California
State Water Quality Control Board, 1963, p. 151). Textile manufacturing,
dyeing, tanning, electroplating, and photographic industries require water
low in calcium.

The presence of calcium is desirable in water used for irrigation because
of soil colioids, thereby allowing saits accumulated in the soil zone to be
flushed from the area.

MAGNESIUM

Magnesium is abundant in igneous rocks. These rocks, along with dolo-
mitic rocks, probably are the most important sources of magnesium in
water. Magnesium may be present in large guantities in some brines; the
cancentration of magnesium in sea water exceeds that of calcium. Al-
though magnasium carbonate is mare soluble in water than caicium car-
bonate, the degree and amount of solubility of both compounds are depen-
dent upon available carbon dioxide.

Magnesium and its saits are used extensively in industrial processes.
Waste discharges from these sources may contain significant amounis of
magnesium.

The chemical properties of magnesium are somewhat different from
those of calcium but their effects in water are similar. Like calcium, mag-
nesium imparts the property of hardness to water, is soap ¢onsuming,
forms scale, and flocculates soil colloids. Water used in textile manufactur-
ing, dyeing, tanning, and electroplating industries should be low in mag-
nesium as well as calcium. Salts of magnesium act as cathartics to human
beings and animais.

SODIUM

Sodium, one of the alkali metals, is present in some form in almost ail
rocks. It is very soluble in water and will remain in sclution rather persis-
tently. Hence, sodium is present in all natural wastes and it is often the pre-
dominant cation of highly mineralized waters. Feldspars are a major source
of sodium in water and high concentrations of sodium occur in water in
contact with halite. Also, large amounts of sedium may be added to water



by sewage and industrial waste discharge. Drainage from irrigated lands
may contain large quantities of sodium. Some ground waters may undergo
base exchange in passage through the earth and change from a predomi-
nantly calcium magnesium water to a predominantly sodium water.

Moderate guantities of sodium have no effect on the suitability of a water
for domestic use unless consumed by a person having an unusual sodium
metabolism. Water with a sodium congentration greater than 50 mg/L may
cause foaming in boilers; otherwise its presence in industrial waters is not
particularly significant. Salts of sodium act as a cathartic. High concentra-
tions are toxic to plants and a high ratio of sodium to calcium and mag-
nesium is harmful to soil structure.

POTASSIUM

Potassium and sodium have a number of similar chemical traits; hence,
they are often considered together. The two elements are usually found to-
gether in rocks and soils. Potassium is less abundant in nature and the po-
tassium content of natural water is usually less than sodium. Both potas-
stum and sodium easily recombine with products of weathering. Feldspars
and mica are principal sources of potassium in water.

Potassium is essential to nutrition, but in excessive quantities acts as a
cathartic. Potassium in concentrations greater than about 50 mg/L may
cause foaming in boilers; otherwise, it has little significance in water used
for industrial purposes. In irrigation water, potassium acts like sodium upon
the scil.

ALKALINITY

Alkalinity is the capacity of a water to neutralize a strong acid to the bi-
carbonate equivalent point (about pH 4.5). As used in this report it includes
only hydroxide, carbonate, and bicarbonate. Alkalinity is added to water by
such acid radicals as borates, phosphates, and silicates, but these radicals
are usually present in relatively small concentrations in natural water. Bicar-
bonate and carbonate are derived from carbonate rocks, especiaily lime-
stone and dolomite, and calcareous materials. Since carbonate rocks are
abundant and carbon dioxide, which helps to dissolve them, is readily avail-
able, carbonate and bicarbonate are common in most waters. Hydroxide is
rarely present in natural water unless contamination has occurred, although
it may occur in waters treated with lime. Municipal sewage and industrial
waste may add alkalinity to natural waters.

Alkalinity has little effect on the suitability of a water for human con-
sumption, but is is often associated with high pH, hardness, and dissolved
minerals, all of which may be harmful. Bicarbonate and carbonate in combi-
nation with calfcium and magnesium form scale. On the other hand,
alkalinity is desirable in water if it inhibits corrosion by forming a thin scale.
Alkalinity is detrimental to many industrial processes, particularly those
dealing with food and beverages and certain types of paper making. A high
ratio of bicarbonate and carbonate to calcium and magnesium may cause a
water to be unsuitable for irrigation, Alkalinity in water with concentrations

ranging from 100 to 120 mg/L tends to buffer solutions and heips prevent
drastic changes in pH, which might cause possible death to fish and aquatic
life (California State Water Quality Control Board, 1963, p. 129).

SULFATE

Most sulfates are readily soluble in water and are relatively stable under
most conditions. Rainfall in some areas may contain a considerable amgunt
of sulfate but the major source of sulfate in most areas is sedimentary
rocks. Concentrations up to 17 mg/L have been reported in rain water col-
lected at Washington, D.C., and higher concentrations have been observed
in fowa (Hem, 1353, p. 101}. Sulfate in precipitation is largely dissolved
from dust caused by man's activities. Combustion of coal and other indus-
trial processes may release large quantities of suffur compounds to the at-
mosphere.

Water in contact with gypsum, anhydrite, sodium sulfate deposits, and
some types of shale usually contains large quantities of sulfate in solution.
Mine drainage may contribute sultate to water by oxidation of pyrite. Sul-
fates may occur in oxidized organic matter as a phase of the sulfur cycle.
On the other hand, bacteria may remove sulfate from water. Compounds of
aluminum and suifate are commonly used as a coagulant in water treatment
and rhany industrial processes require sulfates or sulfuric acid. Conse-
quently, sulfates are often present in municipal and industrial waste dis-
charges.

Sulfate in water containing much calcium and magnesium will contribute
to the formation of hard scale. In extremely high concentrations, it imparts
a bitter taste when in combination with calcium and some other cations.
Sultate combined with magnesium or sodium may act as a cathartic, partic-
ularly to individuals accustomed to consuming water with a low sulfate con-
centration. In the absence cf air, certain bacteria can reduce sulfate to
hydrogen sultide, which is corrosive and has an offensive odor. It is gener-
ally agreed that sulfate is not a critical factor in most industrial waters but
the concentration should be low in water used for ice, sugar making, and
the milk industry. The corrosiveness of water toward concrete may increase
with an increase in sulfate, but other factors such as pH and biological ac-
tions must also be considered.

CHLORIDE

Natural and artificial sources of chloride are numerous. Chioride is de-
rived from almost alf rocks and soils; consequently, it is present in prac-
tically all natural waters. Whereas sedimentary rocks are a principal source
of chioride, water in contact with igneous rocks usually containg small
quantities of chioride.

The chioride content of sea water averages about 19,000 mg/L.
Chlorides carried inland by windblown spray may have a considerable influ-
ence on the chloride content of water in coastal areas. Also, in these areas,
the chioride content of ground water may be extremly high owing to sea
water intrusion,

Human and animal wastes are high in chloride, Drainage from irrigated



lands may be another source of water containing high chloride. Discharges
from oil wells or other deep wells, springs, and industrial waste can add ex-
cessive guantities of chloride to water.

Chloride in concentrations found in natural water generally is not
deleterious to health but may affect persons with heart or kidney diseases
(California State Water Quality Control Board, 1963, p. 159). A high
chloride concentration imparts a salty taste but the threshold of detection
varies widely among individuals. Some industrial processes, such as paper
and sugar making, and the dairy business, require water of a low chloride
content, but the major significance of chloride for industrial water probably
is related to corrosion. Chlorides can accelerate corrosion of pipes and
boilers and are toxic to some plants.

FLUORIDE

Fluoride is relatively abundant in nature but its compounds are only spar-
ingly soluble. Consequently, it is rarely found in very high concentrations in
_ natural waters. Fluoride is more chatacteristic-of waterfrom-deep strata and
is frequently present in salt water produced by oil wells {Rainwater and
Thatcher, 1960, p. 163).

The principal mineral that supplies fluoride to water is fluorite. Fluoride is
also derived from apatite and cryolite and it is a constituent of some igneous
rocks. Hem (1989) attributes the addition of fluoride to water in some arsas
to emanations of volcanic or fumarolic gases. Fluorides are used in insecti-
cides and some industrial processes. Waste from these processes may con-
tain fluoride.

A tremendous amount of literature is available describing the benefits
and deleterious effects of fluoride in water. It is generally agreed that water
containing less than about 1.0 mg/L fluoride will seldom cause mottled
enamel in children’s teeth {California State Water Quality Control Board,
1963, p. 191). A more complete discussion of the relationship between
fluoride in water and human consumption is given in the section “‘Domestic
Use.”

Concentrations of fluoride usually found in natural water do not have a
deleterious effect on plants and soil structure. Available evidence indicates
that the threshold value for fluoride in water used for foad and beverage
processes is about 1 mg/L.

BROMIDE AND I0DIDE

Bromide and iodide generally occur as trace amounts in fresh waters but
tend 10 be more concentrated in brines. Thus, separate determinations are
shown for many of the brine analyses but not for most of the water wells.
Even in brines, the concentration of bromide is generally less than 100 mg/1.
and that of iodide is generally less than 5 mg/L.

lodide is an impaortant trace element in the nutrition of higher animals.

NITRATE

Nitrogen occurs in several forms in water. Nitrate nitrogen is the com-

pletely oxidized product of nitrogenous material; it is the most prevalent
form of nitrogen found in natural waters. The amount of nitrate in unpol-
luted water is usually small.

The decomposition of organic material is the source of most nitrate in
soils. Also, it may be added to soils by some plants’ ability, through bac-
terial action, to take nitrogen from the air and fit it in the soil. Probably a
major source of nitrate to soils is the application of fertilizers to croplands.
Nitrate is present in human and animal waste. Hence, municipal sewage
and water that drains barnyards and cesspool areas may contain excessive
amounts of nitrate. In a few cases nitrate may be added to water by inor-
ganic industrial waste and rainfall. The amount of nitrate in rainfall probably
is small.

Nitrate in excess of about 45 mg/L. {10 mg/L as N}, has been associated
with infant methemoglobinemia {U.S. Public Health Service, 1962). A more
complete discussion of this relationship is given in the section "Domestic
Use.” Nitrate promotes the growth of algae and certain organisms that pro-
duce undesirable odor and taste. High concentrations of nitrate in effluents
tend to increasethegrowth of plankton ard aquatic weeds, thereby in-
creasing fish food and, indirectly, fish production,

Nitrates are considered a poisonous ingredient in some highly mineralized
water (California State Water Quality Control Board, 1963, p. 224). They
are deleterious 10 fermentation processes and to the dyeing of wool and
silk. In general, nitrete is desirable in irrigation water but excessive concen-
trations may have an adverse effect on soil permeability.

DISSOLVED SOLIDS

The value reported for dissolved solids consists mainly of the materials in
solution but may include some organic matter and water of crystallization,
It does not include dissolved gases. Dissolved solids values are obtained by
weighing the residue obtained from evaporating a predetermined amount of
water at a definite temperature or by the summing of the determined consti-
tuents after the bicarbonate is converted to an equivalent amount of car-
bonate.

Excessive concentrations of dissolved solids are harmful to almost all
water uses. The palatability of a water is affected by its dissolved solids
concentration. Most waters with more than about 1,000 mg/L are undesir-
able for municipal use. However, most individuals can adjust gradually to
the use of higher dissolved solids without harmful physiological effects. In
general, livestock can tolerate higher concentrations of dissolved solids
than humans.

Threshold values for the dissolved solids of water used for industrial pro-
cesses varies widely, but most industries require water with less than 1,000
mg/L. Generally, water with more than about 2,000 mg/L is not suitable for
irrigation but other factors must also be considered {see section, "'Irrigation
Use'). Many species of fish cannot tolerate large concentrations of dis-
solved solids. Most inland waters supporting a good mixed fish fauna con-
tain less than 400 mg/L (California State Water Quality Control Board,
1963, p. 183).



SIGNIFICANCE OF PROPERTIES AND
CHARACTERISTICS OF WATER
HARDNESS

The term “hardness’ is applied to the soap consuming power of a water.
It is attributed primarily tc the alkaline earths, calcium and magnesium, but
other substances such as iron, manganese, barium, strontium, and free
acid also contribute 1o hardness. Theoretically, total hardness represents
the hardness caused by all soap consuming substances; whereas calcium,
magnesium hardness represents the value computed from these two sub-
stances. Hardness caused by calcium and magnesium equivalent to the
alkalinity of a water generally is referred to as ''carbonate hardness’ and the
remainder as ‘'noncarbonate hardness.' These terms have largely replaced
the terms “"temporary” and '‘permanent’” hardness formerly used to de-
scribe hardness subdivisions.

Hard water forms a curd in addition to consuming soap. Although con-
troversy still exists concerning the relation of hardness to urinary concre-
tions, it is generally agreed that hardness is not harmful to individuals. Hard
water deposits scale in utensils, hot-water lines, hot-water heaters, and
steam boilers. The type of scale depends on the amount of alkalinity of the
water. Carbonate hardness forms a soft scale that is relatively easy to re-
move; whereas noncarbonate hardness forms a hard scale which is difficult
to remove. On the other hand, hard water tends to prevent corrosion. Hard
water is undesirable for many industrial processes, such as beverage and
food processing, paper and puip making, laundering, tanning, and textile
manufacturing. Hard water is often preferable to soft water for irrigation of
soils rich in sodium ion (see section, Irrigation Use”). Existing evidence in-
dicates that heavy metals are less toxic to fish when present in hard water.

SPECIFIC CONDUCTANCE

Specific conductance, the capacity of a water to conduct an electrical
current, is a general indication of the ionic strength of the solution. Conduc-
tance increases as the temperature of a solution increases. The determina-
tion is extremely useful in water quality studies because it provides a quick
approximation of the mineral content of the water. it does nct indicate the
relative quantities of the individual constituents in solution. The following
general relation is applicable for most ground water except for some brines
and for water with extremely low dissolved solids:

Specific conductance x {0.65 & 0.058} = mg/L dissolved solids

Specific conductance is not significant to waters used for industrial and do-
mestic supplies and to aquatic life except for its relation to dissolved solids.
Itis one of the most important criteria in classifying irrigation water. A more
complete discussion of the role of specific conductance in classifying irriga-
tion water is included in the section ““Irrigation Use."”

HYDROGEN-ION CONCENTRATION
Hydrogen-ion concentration is usually expressed as pH. The pH repre-

sents the negative logarithm of the number of moles of ionized hydrogen
per liter of solution, or more specificafly the hydrogen activity. A pH value
of 7.0 is regarded as neither acid nor alkaline. Increasing values above pH 7
are increasingly alkaline and decreasing below pH 7 denote increasing
acidity. Deviations from pH 7 are primarily the result of hydrolysis of saits of
strong bases and weak acids, or vice versa. Carbon dioxide, hydrogen sul-
fide, and ammonia will affect pH.

There is a definite relationship between pH and acidity and between pH
and alkalinity, but acidity and alkalinity should not be confused with pH. A
water with a iow pH may have a low acidity or a highly buffered water with
a higher pH may have a higher acidity. Also, high alkalinity is not neces-
sarily associated with high pH values.

The hydrogen-ion concentration of potable water is not pathologically
significant. However, a strongly acid water (less than about pH 4} imparts a
sour taste. Generally, the corrosiveness of a water increases as the pH de-
creases. Also, the efficiency of chlorination and coagulation practices in
municipal water treatment is affected by the pH. The pH of a water has
considerable bearing on the industrial utility of a water. Many industries
cannot use water with a pH less than 7. On the other hand, water with a
lower pH is desirable when used in carbonated beverages. The corrosive ac-
tion of a water toward concrete increases with a decrease in hydrogen-ion
congentration. The pH of irrigation water depends primarily upon the type
of soil and crops that are irrigated. Water with a high pH can be applied sat-
isfactorily to acidic soils and some alkaline soils can tolerate slightly acidic
water.

Hydrogen-ion concentration is one of the critical factors affecting fish
and other aquatic life. To classify a water as suitable or unsuitable for fresh-
water fish is extremely complicated because no one set of standards can be
used. Some fish are extremely susceptible to small varnations in pH while
others have a tolerance for variations in pH over a wide range. In general,
the optimum pH of water supporting infand fish depends to a large extent
on the species of fish. However, other factors such as dissolved solids, dis-
solved oxygen, and carbon dioxide must be considered in classifying the
suitability of a water for fish. Ellis (1344) conciuded that a pH range be-
tween 7.0 and 8.5 is favorable for fish and supporting organisms.

TEMPERATURE

Water temperature is a factor of considerable importance to many water
uses. Temperature affects the palatability of water, and increased tempera-~
tures may stimulate the growth of odor-producing organisms. Water treat-
ment processes are affected by temperature. As temperature increases,
flocculation and sedimentation rates increase. Generally, an increase in
water temperature increases the bactericidal effects of disinfectants
{California State Water Quality Control Board, 1963, p. 283). Warm water
may increase corrosion and growth of some plants.

The temperature of water used for cooling should be low and fairly con-
stant and these conditions are generally more characteristic of ground
water. Temperature is an important factor for many industrial processes,



particularly the paper and pulp industry and for water used in dairies, steel
mills, rayon manufacturing, and other industries.

Water temperature is a ¢ritical factor in the support of fish life. An in-
crease in the temperature decreases the solubility of dissolved oxygen, in-
creases fish respiration and oxygen demand, and incraases the toxicity of
many substances. Also, many species of fish have a maximum temperature
that they can tolerate. Biological activity, including the oxygen-utilizing
bacteria which decompose organic waste, is increased as temperaturs in-
creases.

Ground-water temperature is only slightly affected by variations in air
temperature and is about equal to the mean annual air temperature. Thus,
temperatures of ground water tend to range between 55°-61°F {13-16°C) in
Kentucky. Some of the deeper wells may have warmer temperatures that
reflect the temperature gradient of the earth materials. This gradient is gen-
erally considersd to be anincrease of 1°F for every 50-100 fest of depth,

WATER QUALITY AND USE

Water is a widely used resource in Kentucky. The chemical quality of a
water should be considered prior 10 any use of the resource. However, a
discussion of the relation of chemical quality to all water usss would be an
endiess task. Most individuals are interested in water for domestic, indus-
trial, irrigation, or recreational use. The foilowing discussion is limited to
these uses.

DOMESTIC USE

A water used for a domestic supply should be free of odor, taste, color,
suspended material, of moderate temperature, neither corrosive nor scale
forming, and should not contain an excessive amount of dissolved miner-
als. The tolerance persons have for any of the mineral constituents normally
found in natural water varies owing to differences in individuals and differ-
ences in the amount of water an individual consumes. In 1914, the U.S.
Public Health Service estabiished drinking-water standards to evaluate the
quality of water used on interstate carriers and others subject to Fedsral
quarantine regulations. Since that time the standards have been revised
several times and the latest revision by the U.S. Public Health Service was
in 1962. Since then the Environmental Protection Agency {1976), has estab-
lished standards which are shown in table 1.

in addition 10 the limits given in table 1, the standards include the follow-
ing limits for physical characteristics that generally should not be excesded:
turbidity, 5 units; color, 15 units; and threshold odor number, 3. The maxi-
mum permissible concentrations given in table 1 are mandatory because
these constituents in sufficient quantity may have a serious effect on hu-
man beings. The concentration of these constituents is low in most natural
waters. The recommended concentration limits are mainly for asthetic and
taste purposes. Some of these limits are commonly exceeded in some
ground water in Kentucky.

It is generally recognized that high fluoride in water is ciosely associated

with mottled enamel if the water is consumed by children during the calcifi--

TABLE 1.—DRINKING WATER STANDARDS

Recommended
concentration limit*
Constituent tmg/L}
Inorganic
Total dissolved solids 500
Chloride (C1) 260
Sulfate (SO,) 2580
Nitrate (NO,} 45t
Iron (Fe) 0.3
Manganesa (Mn) 0.06
Copper (Cu) 1.0
Zinc {Zn} 5.0
Boron (8) 1.0
Hydrogen suffide tH,S) 0.06
Maximum parmissible concentration®*
Arsenic (As) 0.06
Barium (Ba) 1.0
Cadmium (Cd) 0.01
Chromium (Cr¥") 0.06
Selenium (Se) 0.01
Antimony {Sb) 0.01
Lead (Pb} 0.06
Mercury {Hg) 0.002
Silver (Ag) 0.05
Fluoride (F) Seetable 2
QOrganic
Cyanide 0.06
Endrine 0.0002
Lindane 0.004
Methoxychlor 0.1
Toxaphene 0.006
2,4-D 0.1
2,4,6-TP siivex 0.01
Phenols .00t
Carbon chloroform extract 0.2
Synthetic detergents 0.5

SOURCES: U.S. Environmental Protection Agency, 1976.
*Recommended concentration limits for these constituents are mainiy to
provide acceptable esthetic and taste characteristics.

tLimit for NO, expressed as N is 10 mg/L according to U.S. and

Canadian standards.

**Maximum permissible concentrations are established according to

health criteria.



cation or formation of the teeth. On the other hand, small quantities of
fluoride in water consumed during the same period will lessen or prevent
tooth decay. The emount of fluoride ingested by an individual will depend
upon the amount of water consumed and the fluoride content of the water.
The amount of water an individual drinks will depend to a large extent on
climatic temperature. The maximum permissible limits of fluoride in drink-
ing water for various temperatures are given in table 2.

Table 2, — Maximum permissible concentrations of fluoride

Fluoride Concantrations
Milligrams per liter

Temperature
Degrees Fahrenheit Degrees Celsius

53.7 and below 12.0 and below 24
53.8105b8.3 12.1t014.6 2.2
58.4 10 63.8 14.7t017.6 20
63.9t670.6 17.7t021.4 1.8
70.71079.2 21.5t026.2 1.6
79.31090.5 26.31032.5 1.4

Infant methemoglobinemia, that is, cyanotic or “'blue babies,” has been
attributed to drinking water that had a high nitrate concentration when
used in preparing formula for infant feeding. Studies indicate that nitrates
are reduced to nitrites in the intestinal tract and absorbed into the blood. Ni-
trites in the blood stream combine with the hemoglobin and deprive the or-
gans and tissues of oxygen, thereby giving the infant a blue appearance.
Waring (1849} recommended that water containing 10-20 mg/L nitrate ni-
trogen (or about 46 mg/L of nitrate, NO,) not be given to infants.

The meaning of the terms ‘"hard water’* or "'soft water”” has a different
conngtation to individuals depending primarily upon the area and the condi-
tion to which the consumer is accustomed. Consequently, there are no uni-
form standards for hardness but the classification given in tabie 3 is gener-
ally recognized.

Temperature affects the palatability of water, the growth of odor produc-
ing organisms, and water treatment processes. Water with temperature of
15 degrees C or above is reported generaily to be objectionable for drinking
(California State Water Quality Control Board, 1963, p. 283}

INDUSTRIAL USE

The quality of a water is often a more critical factor to industry than the
quantity of available water. Also, uniformity of water-quality characteristics
is often of more concern than concentrations of individual constituents.
Treatment for wide ranges of, or frequent fluctuations in, chemical charac-
teristics may require close monitoring and be very expensive.

Table 3. — Classification for hardness of water

Hardness as Rating
CaCO,, inmg/L

Suitability

0-60 Soft Suitabie for many uses
without further softening.
61-120 Moderately Usable except in some
hard industrial applications.
121-180 Hard Softening  required by
laundries and some other
industries.
181+ Very hard Requires softening for
MOoSt USES.

The quality of water required by industry depends on the specific use of
the water and the requirements vary widely among different uses. Gener-
ally, water that is acceptable for domestic use will be satisfactory for most
industrial uses or can be made satisfactory with a reasonable amount of
treatment. It would be difficult to fist the many chemical-quality standards
for industrial water because of the variations from industry to industry. A
detailed discussion of water-quality criteria for industrial supplies is included
in the report of the California State Water Quality Control Board (1963).
Water quality tolerances for a few industries are given in table 4.

A high hardness water is objectionable for industrial use owing to forma-
tion of scale in boilers, pipes, water heaters, and radiators, resulting in loss
of flow, heat transfer, and boiler failure. lron and manganese are objection-
able to most industrial processes because of their stain-producing and tur-
bidity-producing characteristics. Water with a high dissolved solids concen-
tration may be corrosive, particularly if chloride is present in appreciabie
quantities,

Problems of cooling and boiler-feed water are commaon to many indus-
tries. Water used in very high-pressure boilers (1,000 psi and greater)
should be free of almost all organic and inorganic sclids and dissolved
gases. Silica is particularly troublesome because of its tendency to form
scale in boilers, and some of it carries over in the steam, forming scale on
the turbine biades. High concentrations of sodium or potassium may contri-
bute to foaming.

Because a large proportion of the water used by industry is used in cool-
ing processes, the temperature of a water is a factor of considerable impor-
tance. Generally, water with a low temperature is the most desirable as a
cooling water. Also, water with small temperature fluctuations is desired.
Ground water is used almost exclusively for cooling in some areas because
the temperature is often lower and more constant than surface water. In ad-
dition to temperature considerations, a cocling water should not deposit
scale, be corrosive, or stimulate growth of organisms.



Table 4,--Water-quality requirements for selected industries and processes

[Concentrations represent upper limits for water at point of use before addition of internal conditioners and are in milligrams per liter except
as indicated (U.S. Federal Water Pollutjon Control Adm., 1968)]

Boiler feedwater pressure Textiles Canned Leat}}er Hydraulic
{pounds per square inch gauge) scouring, Chemical pulp Wood Synthetic Petroleum dried and Soft tamming cement
Constituent bleaching, and paper Chemicals Tubber products frozen drinks (general Man -
0-150 150-700 709-1,500 1,500-5,000 and T Im- _ —  fruits and —bottling— finishing — facture —
_ dying)  bleached vegetables processes)
Silica (Si)p)-s=mr-rm-meecenmnanaan 30 10 0.7 0.0l ~-eecmmenans- 50 50 S0  cmceceececememmceeccaaea PR B0  mmc e mmm e mmmmm o 35
Aluminum (Ai]-
Iron (Fe)-----
Manganese (Mn)--
Calcium {Ca)----
Magnesium (Mg)--
ium (NHy)--
er (Qu)~----

Nitrate (NOz)---
Hardness (as CACO)-
Alkalinity (as C03)
Acidity (as C03)--

0
Color (umits)---mmme-cw-cvecaan e e e e e S 30 10 20 20 ememeeesamaoa-- 5 10 5 eeweresmmmcea-
Organics:
CCly oXtract---=-~=-wmcamemaconce
Methylene-blue active substances-
Chemical oxygen demand--- -
Dissolved oxygen------- --

Temperature (°F)-----r----cmmenmommaan..

Suspended solids-----~e-eeneaanan

1 Mot to exceed U.S. Public Health Service drinking-water standards. 4 Carbon chloroform extract limit 0.Z mg/L; also specified to be free from taste and odor.
Z Limit for noncarbonate hardness, 70 mg/L as CaCos. S Carbon chloroform extract limit 0.2 mg/L.

3 Ranges from 2.5 to 10.5 depending on process and product.



IRRIGATION USE

The chemical composition of a water must be considered in determining
the water's suitability for irrigation. However, other conditions, such as cli-
mate, type of crop growth and its tolerance to salt, soil permeability, drain-
age, and guantity of water to be applied, also must be taken into account,
The principal chemical characteristics that should be considered are: 1)
total concentration of dissolved mineral substances, 2) relative proportion
of sodium to other cations, 3) amount of boron, and 4) under some condi-
tions, bicarbonate content,

Irrigation water containing a high concentration of dissclved mineral sub-
stances is undesirable owing to the tendency of salts to accumulate in the
soil solution. Salts accumulate in the soil solution, in part, because most
plants derive their water requirements by an osmotic process, whereby
plant roots take in water but absorb very little salt from the soil solution. In
areas of low soil permeability, or the quantity of water available to remove
salts from the area is small, or dissolved mineral substances in the irrigation
water are high, toxic concentrations of salts are likely to accumulate in the
soit sofution. This condition is termed “'salinity hazard.” The specific con-
ductance of a water is often used as an index of the salinity hazard.
Varieties of plants differ, however, in their tolerance to total concentration
of saits and to various ions that are in the soil solution. The relative toler-
ance of crops to salt is given in table 5.

A high concentration of sodium relative to the concentration of calcium
and magnesium is significant in determining the suitability of a water for irri-
gation. Calcium and magnesium tend to keep a soil permeable, whereas a
high ratio of sodium to calcium and magnesium tends to deflocculate soil
particles. Deflocculation promotes packing, thereby making a soil less per-
meable to movement of water. The adverse effect of a high concentration
of sodium in irrigation water is termed “'sodium hazard.”" The sodium-ad-
sorption-ratio {SAR) is an index for predicting the sodium hazard and is de-
fined by the equation:

SAR = Na

\/ Ca++ + Mg++
2

where Na*, Ca*+, and Mg* * are equivalents per million (U.S. Salinity Lab-
oratory Staff, 1954), Figure 1 shows a diagram released by the U.S. Salinity
Laboratory Staff (1954) for classifying a water with respect to salinity and
sodium hazards.

Interpretation of the diagram, quoted from pages 79-81, is as foliows:

""Low-salinity water (C1) can be used for irrigation with most crops on
most soils with little likelihood that soil salinity will develop. Some leaching
is required, but this occurs under normal irrigation practices except in soils
of extremely low permeability.

“Medium-salinity water (C2) can be used if a moderate amount of leach-

Table 5. —Relative tolerance of crop plants to sait
{after U.S. Salinity Laboratory Staff, 1954}

High salt tolerance Median galt tolerance Low salt tolerance

FRUIT CROPS
Date paim Pomegranate Pear

Fig Apple

Grape Plum

Cantaloup Apricot

Peach
Strawberry

VEGETABLE CROPS
Garden beets Tomato Radish
Kale Broccoli Celery
Asparagus Cabbage Green beans
Spinach Bell pepper

Cauliflower

Lettuce

Sweet Com

Potatoes {White Rose)

Carrot

Onion

Peas

Squash

Cucumber

FORAGE CROPS
Saltgrass Dallis grass White Dutch clover
8ermuda grass Sudan grass Meadow foxtail
Rescue grass Hubam clover Alsike clover

Alfalfa {California
common)

Tall fescue

Rye {hay)

Wheat (hay)

Qats (hay)

Qrchardgrass

Meadow fescue

Big trefoil

FIELD CROPS
Barley {grain) Rye (grain)
Rape Wheat (grain)
Cotten Qats (grain)

Rice

Sorghum {grain)

Corn (field)

Sunfliower

Castorbeans

Ladino clover

Barley (hay)

Field beans

ing occurs. Plants with moderate salt tolerance can be grown in most cases
without special practices for salinity control.
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*High-salinity water {C3) cannot be used on soils with restricted drain-
age. Even with adequate drainage, special management for salinity control
may be required and plants with good salt tolerance should be selected.

“Very high salinity water (C4) is not suitable for irrigation under ordinary
conditions, but may be used occasionally under very special circumstances.
The soils must be permeable, drainage must be adequate, irrigation water
must be applied in excess to provide considerable leaching and very salt-
tolerant crops should be selected.

“The classification of irrigation waters with respect to SAR is based pri-
marily on the effect of exchangeable sodium on the physical condition of
the soil. Sodium-sensitive plants may, however, suffer injury as a result of
sodium accumulation in plant tissues when exchangeable sodium values
are lower than those effactive in causing deterioration of the physical condi-
tion of the soil.

“‘Low-sodium water (S1) can be used for irrigation on almost all soils with
little danger of the development of harmful levels of exchangeable sodium.
However, sodium-sensitive crops such as stone-fruit trees and avocados
may accumulate injurious concentrations of sodium,

'Medium-sodium water (52} will present an appreciabile sodium hazard in
fine textured soils having high cation-exchange-capacity, especially under
low-leaching conditions, unless gypsum is present in the soil. This water
may be used on coarse-textured or organic soils with good permeability.

“"High-sodium water (S3) may produce harmful levels of exchangeable
sodium in most soils and will require special soil management — good drain-
age, high leaching, and organic matter additions. Gypsiferous soils may not
develop harmful levels of exchangeable sodium from such waters. Chemi-
cal amendments may be required for replacement of exchangeable sodium,
except that amendments may not be feasible with waters of very high
salinity.

“Very high sodium water {S4) is generally unsatisfactory for irrigation
purposes except at low and perhaps medium salinity, where the solution of
calcium from the soil or use of gypsum or other amendments make the use
of these waters feasible.”

Boron is essential to proper plant nutrition but a smatll amount over that
required is toxic to some ptants. The occurrence of boron in toxic concen-
trations in certain irrigation waters requires assessing this element. The per-
missible limits of boron with respect to the tolerance of crops are given in
table 6.

High concentrations of bicarbonate ion will increase the sodium hazard.
As the concentration of the soil solution increases there is a tendency for
calcium and magnesium to precipitate as carbonates and thereby increase
the relative amount of sodium. The term *'residual sodium carbonate'” has
been applied to this condition. The U.S. Salinity Laboratory (1954) con-
cluded that water with a residual sodium carbonate below 1.25 epm (equi-
valents per million) is probably safe, above 2.5 epm is not suitable, and be-
tween these values is marginal for irrigation.

Information regarding the significance of temperature of water used for
irrigation is not available to the author. However, excessively high or low
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Table 6.—Permissible limits of boron in milligrams per liter, for several
classes of irrigation water (after Wilcox, 1948).

Classes of Sensitive Semitolerant Tolerant
water crops crops crops
Excellent <0.33 <0.67 <1.00
Good 0.33 to .67 0.67t01.33 1.00 t0 2.00
Permissible 67101.00 1.33t02.00 2.00103.00
Doubtful 1.00t01.25 2.00t02.50 3.00 to 3.75
Unsuitable >1.25 >2.50 >3.75

temperatures probably would be detrimental to many plants.

Plants can assimilate and concentrate radionuclides; consequently, the
radiation hazard to individuals consuming these plants is increased. Studies
indicate that radionuclides of the following elements are absorbed and may
be concentrated by plants: strontium, cesium, barium, iodine, calcium, po-
tassium, ruthenium, zirconium, zinc, and chromium (Catifornia State Water
Quality Control Board, 1963).

RECREATIONAL USE

There are no uniform water quality standards for recreational use.
Generally, water used for bathing and swimming must be free of odor,
taste, color, and floating material. Also it must not contain toxic materials
and be reasanably free of pathogenic organisms. A few states or hydrologic
areas have defined limits for temperature, pH, color, and turbidity'.

In general, standards for boating and esthetic enjoyment are less rigid
than those for bathing and swimming. The water should be free of floating
material, dense growth of plants and slime, oil and grease, and should not
be highly colored or excessively turbid. High concentraticns of nitrate,
phosphate, carbonate, and silicates tend to fertilize streams, thereby pro-
ducing heavy plankton bloom. Alkyl benzene sutfonate (ABS) in excess of 1
mg/L may cause water to foam as it passes over a dam or a riffle.

Excessive water temperatures are not conducive to swimming and bath-
ing. Water used for recreation should be low in radioactive material because
most types of radiation can be absorbed through the skin.

ANALYTICAL METHODS

The analyses listed in this report extend over a period of time in which the
analytical methods and the precision of those methods have changed. Any-



one using these data for historical evaluations and comparisons shouid be
aware of these changes. Durum (1978) gave a historical profile of the U.S.
Geological Survey laboratories. Table 7 from his report gives a summary of
the methods and the estimated precision of the methods that are applicable
for most of the analyses in this report. Additional information on analytical
methods for inorganic substances is given in the manual by Skougstad and
others (1979).
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Historical
period

1918-1950

1951-1973

1956-1973

1962-1973

1968-1973

1969-1973

1964-1973

1964-1973

1960-1973

1955-1973

Table 7.--Summary of analytical methods, references, and estimated precision, historical period 1918-1973

General method
of instrumentation

Gravimetric, volumetric USGS:

and titrimetric (all
laboratories)

Flame photometer

Emission spectrograph
(applicable only to
special studies,
Sacramento, CA, Denver,
CO, and Washington, DC
laboratories)

Atomic absorption
spectronphotometer
(13 laboratories)

Technicon Auto*1/
Analyzer -
(8 laboratories)

Fisher Titralyzerl/
(2 laboratories) ~

Gas chromtography

General organic
methods

Continuous recording
electronic water-
quality monitors

Radioactive
substances

Reference

WSP 236 (1909)
WSP 596 (1928)

Methods of water
analysis (1950)
reported

USGS: WSP 1954 (1960)

TWRI book 5 chapter Al

(1970)

USGS: WSP 1540A (1960)

TWRI book 5 chapter A2

(1971)

USGS: TWRI book 5,

chapter Al (1970)

Methods as released
by Technicon.

Methods as released
by Fisher Co.

USGS: TWRI book 5,
chapter A3 (1972)
USGS: TWRI book 5,

chapter A3 (1972)

Manufacturers specifications

USGS: TWRI book, chapter AS

(1977)

Precision (estimated)

+5 percent, where dis-
solved solids (DS) is
less than 100 mg/L.

+20 percent for in-
dividual constituents
reported in mg/L.

+5 percent for in-
dividual constituents
reported in mg/L.

+16 percent (Based on
average geometric de-
viation, 1.16, the
factor by which amount
found may be multiplied
and divided to find the
range of one of the
standard deviations.)

+15 percent where con-
stituent is less than
20 pg/L.

+3 percent (single com-
ponent under ideal con-
ditions) +15 percent
(chlorinated hydrocarbon
extracted from water
with m-hexane, 0.01 to
0.10 ug/L).

+1 percent to 100 ug/L
Tevel. Where precision
is known, range is +5 to
+10 percent of 1 to

T mg/L range.

+2 percent, +2 percent,
+5 percent, *2 percent,
+5 percent, respectively.

+100yr at 10,000yr range,
+800yr at 30,000yr range;
+20 percent, +2 percent

above 15 pCi/T, +10 per-

cent lower concentrations;
+20 percent, +15 percent;
#10 percent, respectively.

Constituents

Acidity, Alkalinity, aluminum (Al), arsenic (As), barium
(Ba), boron (B), bromide (Br), calcium (Ca), carbon
dioxide (CO2), chloride (C1), chromium (Cr), color,
specific conductance, copper (Cu), dissolved solids,
fluoride (F), hardness as CaCOz, hydrogen sulfide (H2S),
iodide (I), iron (Fe), lead (Pb), magnesium (Mg), man-
ganese (Mn), nitrate (NOz), oxygen consumed, pH, phos-
phate (PO4), potassium (130, selenium (Se), silica
(5i02), sodium (Na), specific gravity, strontium (Sr),
sulfate (S04), sum of determined constituents, sus-
pended matter, turbidity, and zinc (Zn).

Calcium (Ca), lithium (Li), maganesium (Mg), potassium
(K), and sodium (Na).

Aluminum (A1), barium (Ba), beryllium (Be), bismuth
(Bi), boron (B), cadmium (Cd), chromium (Cr), cobalt
(Co), copper (Cu), gallium (Ga), germanium (Ge), iron
(Fe), lead (Pb), manganese (Mn), molybdemum (Mo), nickel
(Ni), silver (Ag), strontium (Sr), tin (Sn), titanium
(Ti), vanadium (V), and zinc (Zn).

Barium (Ba), beryllium (Be), cadmium, chromium (Cr),
cobalt (Co), copper (C), iron (Fe), lead (Pb), lithium
(Li), maganesium (Mg), manganese (Mn), nickel (Ni),
potassium (K), silica (Si0z), silver (Ag), sodium (Na),
strontium (Sr), and zinc (Zn).

Chloride (C1), chemical oxygen demand (CO), ferrous
iron (Fe+Z), ferric iron (Fe+3), iodide (I), ammonia
nitrogen (NHg), nitrate (NO3), nitrite (NO2), phos-
phate (PO4), and silica (Si02).

Chloride (Cl) and sulfate (SO4).

Pesticides.

Carbon, chlorophylls, color, extractable organic matter,
methylene blue active substances (MBAS), and phenolic
material.

Dissolved oxygen (DO), specific conductance, turbidity,
temperature, and pH.

Carbon 14,
Lead 210,
Cesium 137 and cesium-134,

radium, ruthenium 106 and ruthenium 103, and tritium,
uranium; and strontium.

*The use of brand names in this report is for identification purposes only and does not imply endorsement by the U.S. Geological Survey.
1/ See following table for precision
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Table 7.--Continued--Summary of analytical methods, references, and estimated precision, historical period 1918-1973

PRECISION OF AUTOMATED DETERMINATIONS

No. Determination Method Precision
Technicon AutoAnalyzer

1 Chloride (C1) 1-2187 Ferric thiocyanate +2 percent (26.8 mg/L); +1 percent (72.9 mg/L).

2 Chemical oxygen demand (COD) I-1561 Dichromate oxidation +3 percent to +1 percent (50 to 500 mg/L).

3  Ferrous iron (Fe+2) (See iron, ferrous-plus-ferric)

4  Ferric iron (Fe+3) (See iron, ferrous-plus-ferric)

——— 5 TIron, ferrous-plus ferric ——I=2379-Biphyridine - +5 percent (124 pug/L); +2-percent (854 ug/l) —
6 TIodide (I) I-1371 Ceric-arsenious oxidation Precision data not available; precision estimated to be
in the range of from 3 percent to 5 percent.
7  Ammonia nitrogen (NHz) 1-2353 Indophenol +20 percent (0.05 mg/L); +2 percent (0.43 mg/L);
: +1 percent (1.46 mg/L); +5 percent (3.47 mg/L).

8 Nitrate nitrogen (NOz) (See nitrite plus nitrate)

9 Nitrite nitrogen (NO7) (See nitrite plus nitrate)

10 Nitrite (NO;) plus nitrate (NO3) I-2545 Cadmium reduction-diaxotization +3 percent (2.86 mg/L); +5 percent (5.77 mg/L).

11  Phosphate (P04) 1-2600 phosphomolybdate Precision estimated to be in the range of from 3 to 5 percent.
1z Silica (Si0p) I-2700 Molybdate blue +5 percent (7.24 mg/L); +3 percent (23.9 mg/L).

Fisher Titralyzer and Radiometer Analyzer

13 Bicarbonate (HCOs) +6 percent (50 mg/L); +5 percent (100 mg/L); +5 percent (200 mg/L).
14 Chloride (C1) Precision estimated to be 4 percent.
15 Sulfate (S04) Precision estimated to be 4 percent.
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TABLE 8.--GEOLOGIC UNIT CODES FOR KENTUCKY

CENOZOIC

Cenozoic Erathem. .eoeeereeveneenronans P 100CNZC
OUATERNARY

Quaternary SysStem.............. etereresssesatastesanennanren [P 1100RNR
HOLOCENE

ALTUVIUM. oot it ie i ieiit it ieeneeaenanosestoasasasnnans eerenaeaaaaa 111ALVM
Colluvium. vveeesenennnanennns et Cere e veess 111CLVM
HOLlOCENE SETIES...vtsteneenersensranaerossosnssssessacencsasansnss «eo. 111HLCN
Alluvium along Mississippi River and Ohio River Tr1butary Stweams..... 111IMRAV
PLEISTOCENE

Continental DepoSitS.eeee i enrenreneannecnsesiesnannasans ereeeas . 112CNTL
Lake DepoSits. . cviverrrriereeneerteteearenannnens et 112LAKE
Lafayette Gravel.....ieeriiieerinnnnaasnereracenennes Ceeeaeieee e 11ZLFTT
Ohio River Deposits, Lower Terrace........cvveeeecennnnnnnaennn ceven 1120RLT
Ohio River Deposits, Upper Terrace..........eecuirviniieannn. teeesvse.  1120RUT
L0 7 =3 o W ee.... 1120TSH
PleiStoCene SerieS..i.eveveeeracencencacnnannns et reeese e 112PLSC
15 0 0 P veesesess  112TILL
Terrace Deposits.......... Cer e e 112TRRC
TERTIARY

Tertiary System.......ccoeevennn.. et eeeteeeeiiteaiieeetrea e e 120TRTR
EOCENE

Claiborne and Wilcox Formations (Groups) Undifferentiated............. 124CBWX
Claiborne Group....c.veveveviennannnnans bttt teeet it e 124CLBR
FOCENE SOTIES. s uu et i iasansoeeenenesoisesesnnseesnseassasessenssaancnans 124EQCN
JACKSON GrOUP. « s vv et tennrennsenneeensesnnssssasonannnsoannns e 124JCKS
Wilcox FOrmation (GIroUD) ... seeveeenenreneeneneraceoeancnecnannannans 124WLCX
PALEOCENE

Clayton and Owl Creek Formations, Paleocene-Cretaceous........ ceeeee.. 125C0OCK
Paleocene SerieS.......eeveeenneenannas et iieeea e e erer e 125PLCN
Porters Creek Clay............. Ceeeees P 125PRCK
MESOZOIC

MesozoiC Erathem. .. .ovveiuinnn ittt ittt it itennnnesenennnn 200MSZC
CRETACEOUS

Cretaceous System...... et tec et ea it Ceererarraeees ... 210CRCS
UPPER CRETACEQUS

Upper Cretaceous SerieS......c.eevvieereennennan. Cieestieeiieeeaas ... 211CRCSU
McNairy Formation......oeeevevann. eeeaes Cheeeeranenesas Cereiteereaaes 211IMCNR
Tuscaloosa Formation......oevvieiinenieennnenns Cesversenetsenaseraas .. 211TSCL
PALEOZOIC

Paleozoic Erathem...........oovvuvnnnn. e, Cereeeeeae 300PLZC
PENNSYLVANIAN

Pennsylvanian System.......c.cvveunnnen ittt teeaetaea Ceteretenena . 320PSLV
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UPPER PENNSYLVANIAN

Henshaw Formation...veeeevvreenennnensans Ceeseenaen reees . [
Henshaw and Lisman Formatlons Undifferentiated..........c.c.n. PPN
Lisman FOrmation.......veeeeveesvensosss
Monongahela and Conemaugh Formations..........cvvveevvnneennens Ceeeeen
Upper Pennsylvanian Series.........eeeeeeeeennecaeannnnn Ceeiereeriaans

MIDDLE PENNSYLVANIAN

Breathitt Formation.....c.eeieiieninenennnnnnnns
Carbondale FOrmation....eeeeiteeerseeeaneneesnssoassossssncsssasaenons
Carbondale and Tradewater Formations Undifferentiated.................
Caseyville Formation.......ccvvvvevnnnnnns e eesasestatatasas e
Middle Pennsylvanian Series.........cieeeiiiieneeninnennnnnns Ceeeaaan
Mingo and Hance FOrmations......eoeiiuieieeieiierieennenncenaronnnenns
Tradewater-Caseyville Formations, Undifferentiated........... Ceeearees

Tradewater Formation (Anvil Rock Sandstone)

DES MOINESIAN
WeiT FOTMation. . vviveeetierereieeeaesensestosnsaocoasnonseaosnsssnnanss
LOWER PENNSYLVANIAN

Lee Formation..... ettt ettt eii ettt ettt e
Lower Pennsylvanian Series....... et eeiteeeeaeeiet ettt

MISSISSIPPIAN

Berea Sandstone and Bedford Shale..... Ceeeaen i, e
Bedford Shale.......... PN ettt Ceeeaiean
Berea Sandstone...........con.n.. e aee N . .
(01113 o A < o] o P
Mississippian-Devonian Systems .......... et rreaiereier et
Mississippian System. ... eieiniiiniineineenierinineenseennnns
Newman Limestone (Big Lime of E. Ky)
Sunbury Shale..... P BN

UPPER MISSISSIPPIAN

Upper Mississippian Series.......coiviviiiiiiiiiennenrenennnnas Cesreenn
Pennington FOImMAaltion. ... eueeireiennenennenensnnsoossnsnsssssonnannns

CHESTERIAN

AuxX Vases SandStOne. .u.ueeesieceorossosoecnosssssossnosssossassnannsns
Beech Creek Limestone Member............. et aaetiesrat e eeeaes
Buffalo Wallow FOrmation. .....c.ieiiniinienenrnnenerncncensncnesassnas
Big Clifty Limestone Member...........viviiiiiiiiiiiiieennninnennas vee
Bethel Sandstone.......... et eeesteseese ettt e . .
Beaver Bend LimesStOne.....vviieeuieeneeneaseonsoosssssosnesnssasassasnas
Beaver Bend Limestone and Mooretown (Bethel) Formatlon et nreererrae.
Beaver.Bend and Paoli Limestones........ o teeieeeer et aes e
Clore LimeStOnE. vvetererreneerosessossssssosnsnsannonnnssnsanssos ..
Cypress Sandstone (Elwren Sandstone).......eoceveevencavsnnass cereaenen
Chesterian Series.....ceeeues.
Degonia Sandstone. ... eeiieeieieieirrianeeseoneseaneeaneonnsencanas
Golconda Formation (Big Lime of W Ky) .................................
Glen Dean LimeStOne....uvierirenenrioessoscessnesonsssrancnanns

Girkin Formation......eeveeenneenenns .
Hardinsburg Sandstone (Jones Sand) ....................................
Haney Limestone Member..................... e teeeerr e Ceeeaees
Kinkaid Limestone........ e eestentererssesacaatsacnsanaon Ceseeaae .
Leitchfield FOrmation. . ....uveeeenrneeenesasnsnsnsosesncnannasansnanns
Menard LimeStOmE. e vre it ererosesssncensnsnsssssonnannsnsas
Maxon Sandstone.....vieeereencenecncncnnns s esecae ettt e
Paint Creek Shale (LimeStone)....c.viverreeeerenenensnsnasnonnnnnnns v
Palestine Sandstone......c.vevvenenerennnns Ceeescrree e cesene
Paoli Limestone...ueveeerenererocasescsnsnannens .

321HNSH
321HSIM
321LSMN
32IMGCG
321PSLVU

324BRTT
324CBDL
324CBDT
324CSVL
324PSLVM
324MGHC
324TDCV
3Z4TRDR

32SWEIR

327LEE
327PSLVL

330BBDF
330BDFD
330BERE
330CHRT
330MPDV
330MSSP
330NWMN
330SNBR

33IMSSPU
331PNNG

332AXVS
332BCCK
332BFLW
332BGCF
332BTHL
332BVBD
332BVEM
332BVBP
332CLOR
332CPRS
332CSTR
332DCGON
332GLCD
332GLND
332GRKN
332HDBG
332HNEY
332KNKD
332LCFD
332MNRD
33ZMXON
332PCRK
332PLSN
332POLI
332ZRLVL
332RNLT



332RVCF

Ravencliff Sandstone,.e:-.eeeessases il 33IsMPL S :
Sample SanNdSTONE. ...ooeerseereennsossrsoacsoasans 332TSPG . . :
Tar SPrings SANASTONE...uevseeeusseensoannsssrnsstreosnnnanaeescsnssce 98 000 ?rassfie;}d plme’s‘tor'le (Dolomite).eeeeeeecenenn. teereeeas seessssesssesss 3STBFLD
VienNa LIMCSTONE. .. +vccrcosrssrrersssocscrersssecstsersvviissessssseriivr o0y TOWCT OTIUITAIl OCTIES. e e Peesseceseesssssessnras cessccscocccas ees J970LRNL
Waltersburg SAndSTONE. ....evveoseoncenessoassssssatseecacaanronsoscscs 332WLBG
ORDOVICIAN
MERAMECIAN
: feecenanensen veesess 333HDBG Ordovician SyStem....veseeereeeeressnascossssssioossnsssacsssnssassess 3600DVC
LimeStone...cvoeeseeescassesesonnsoncs . ici T
gzgggsgﬁgstone Member of Ste Genevieve LimestOn€.........eceeeeeeene gg%éi Ordovician-Cambrian Systems............ et hetacreastsetataetaecsenans . 3600VCB
McClosky Sand....vvvveererasssnsoensocaaancecenes
Meramecian SenesL].mestone ...... eeeateraanas ggm UPPER ORDOVICIAN
Chara Limestone Membor of Ste Genevlers sated....noenon Ll 333sGSL Cumberland Formation (RLCHMON GFOUD) .+« st v enenssrnnensnensnsnnnnensn . 3610MBD
Ste Genevieve-St Louis Limestones Undifferentiat rmat
; i e eeereeeaes 333SGVV Eden Group (Million Shale)........ecouen. Ceeeteccteeteetaaresenanaann . 361EDEN
Ste Genevieve LimeStON€......coceeseeenns saseane
SALEM LAMESTONE . « -« e esennnonesnnssescersssessssnsasssssssssnsssnansss I3ISSLEM Garrard Sand..... N P 2 [e) 4 1)
Salem-Warsaw Limestones Undifferentiated............... Ceetesesananens 333SMWR Leipers Lmu_as?éne. B 361LPRS
St Louis and Salem Limestones Undifferentiated......... Cecresasennes .. 333SLSM Upper Ordovician Series........covevee. Chseesssescessersesncscsssssass S610DVCU
St Louis Limestone........o..ees ertssersacenan ereirenen eerecsesaaaes 333STLS MIDDLE ORDOVICIAN
Warsaw LimesStone.....c.ceeeeeecnnsss AP X X1 8511
LOWER MISSISSIPPIAN Cynthiana Formation (Granville)..........cceeeiiaannns Cetiecerenann ... 364CNIN
Chepultepec Dolomite and Rose Run Sandstone............oevveeeennnnens 364CPRR
Fort Payne Formation................ N vees.. 337FRPN Lexington Limestone......... e eeeeeeeet e Ceeeseeeeie it . 364LXNG
Lower Mississippian Series............... Cetetcereettteanaennns .. 337MSSPL Murfreesboro Limestone.........ceveveenen Cheereereriiaaaas N vee.. 364MRFB
Newala-Longview Dolomite...... et e eeeeaiesaese ettt et 364NLGV
OSAGEAN Oregon and Camp Nelson Limestones....... e Ceeaeanaeas Ceeenens 3640CPN
Middle Ordovician Series...... Bt heesacsssieesesiteastetastsesntannaan 3640DVCM
Borden Formation (Fort Payne and New Providence).............eoeevss.. 338BRDN Stones River (Black RiveT) GroUp.......eeveeeesreecsonscensncansnaans . 364SRVR
Injun Sand............. Cerenaann B X 1) 0 W\ St Peter Sandston€...........ceeveueen e, teeeeeerea..  364STPR
New Providence Shale...........ccccvunnn et e eteeeetiatt et 338NPVC Trenton Limestone.....cueeuiiieiiiiiinnenseoesrseeaoaasnsasnananaans ... 364TRNN
0SAEAN SeTIeS. . viiiieriiiinnereeseeeeessoranansoeens vieeesseeeaaee..  3380SGE TyTone LimeStOne. . uuueeieierienennnronnsesesssseessnsesonsssesnsnanan 364TYRN
Welr Sand....cvveiierinnieeesscaanconnnas e teteiceciesesessaaaan vee.. 338WEIR
Waverly GroUp....veeeveeeeeeooseancoseanancens Cereereseteacesanaatanes 338WVRL LOWER ORDOVICIAN
DEVONIAN Knox Dolomite............. et seeseties ettt ettt areneaaan veess  367KNOX
Lower Ordovician SeriesS.......ceecnerecercreosrosacessncncenneaneans .. 3670DVCL
Devonian SysStem...oceeuseunresensnecennnns Cheeraeieaaaa Cereeieieeas . 340DVNN
CAMBRIAN
UPPER DEVONIAN
Antietam-Erwin Quartzites, Undifferentiated......... et ieeea ... 370AMER
Upper Devonian SerieS.....ucuiveeeererseeronnoeeeeronsoesoonsensannns ... 341DVNNU Cambrian System...... e eeeeee et et bate ettt raaes . 370CMBR
Knob Lick and Hardin Sandstones.......ceeeeeeeeeeeeaenoneanns [ 341KBLH Tomstown Dolomite............. eeeeraeriieaea N . 370TMSN
New Albany Shale........... et e teeeeiieren et ae e «.... 34INALB
UPPER CAMBRIAN
MIDDLE DEVONIAN
Upper Cambrian Series......... e eeeeteeeaie et rassasasenstasenaans . 371CMBRU
Boyle Limestone.........oeeveens et et eeeaee. heeeeeeienes 344BOYL Copper Ridge Dolomite......... ettt Ceeteereeeireti e . 371CPRG
Clear Creek Limestone......coveveienosnoan . 7 1: 104 K 0 ¢ Mount Simon Sandstone.......... e taeieieiaeiieaat et ae et . 37IMSMN
Dutch Creek Sandstone................ et eeee ettt .. 344DCCK
Middle Devonian SerieS.....c.veieieeruiocnsnesiosssteoesnsceeensoncnsaone 344DVNNM LOWER CAMBRIAN
Sellersburg and Jeffersonville Limestones Equivalents (Onondaga Ls.).. 344SBJV
Lower Cambrian Series......... eeeeeeesiaaan et teeaseeerear et . 377CMBRL
SILURIAN Rome Formation................. Cetececeseteancssaanaansessisetrnannnn . 377ROME
Silurian SyStem.....ccuteuiiernieeeeenseeetenoneroseonsennsenesns vee.. 350SLRN From Catalog of Aquifer Names and Geologic Unit Codes used by the
Water Resources Division, U.S. Geological Survey.
MIDDLE SILURIAN
BrownspoTt FOTmation. . ... eeeeereeenneenneraaaronennnosanesssoannas .. 354BRPR
Bisher Limestone.......ieveereeeenneccnnnsns tetiesenssesesassessaassss  354BSHR
Crab Orchard FOrmation.......vieiieiiineeiennnnrnenneienncannns veeeens  354CBOC
Clinton Formation............. et eeeecasseeatres ettt etanaanns vesssses  354CLNN
Laurel Dolomite and Osgood FOrmation.......eeeeseeeeeienaassnnnns e.v.. 354L0OGD
Louisville Limestone and Lego Limestone Member (Big Six Sand)......... 354LVLG
Louisville Limestone and Laurel Dolomite...........e.c... PPN ceees. 354LVLL
Osgood Formation and Brassfield Dolomite......cocvvvnnnveernnnseennnns 3540GBF
Salina Formation. ... iuiiiiiineiianoenesneoscneonensosenncnnnsnssns 354SLIN
Middle Silurian SeriesS.........ceeeueen. Ceeiieen eeeees teeesess  354SLRNWM
NIAGARAN
Lockport DOloMIite. . voeunnnnreennenrernensoenasnncsesnsnssssnnsans veo..  355LCKP
Niagaran Series.............. et eacaeres et enetareraaennn [P 355NIGR .
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CHEMICAL TABLES

The map numbers or the first column of numbers in the tables represent
the stations or sampling sites in each county and they are shown on the
county maps. The first thirteen digits of the station numbers are derived
from the latitude-longitude locations of the stations. The last two digits are
used to differentiate stations that are close to each other and have identical
thirteen-digit coordinates. Geologic unit codes for Kentucky are listed in
Table 8. Parameter codes are five-digit numbers printed beneath the head-
ings and these represent codes under which the various parameters and
constituents are stored in computer files. Abbreviations used in the
headings and tables are as follows:

FT Feet
NGVD National Geodetic Vertical Datum of 1929
C Celsius

GM/L Grams per liter

MG/L Milligrams per liter

UG/L Micrograms per liter (UG/L + 1000 = MG/L) .

SP Spring (was added to the tables under headings ’Depth of
Well” to save printing an additional parameter or column)

17

CHEMICAL ANALYSES

Location maps and tables of chemical analyses follow
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MAP

11.

12,
13,
1,
15,
16,
17,
18.
19,
20,
21,
22,

23.
24,

STATION NUMBER

365742085263101
365752085260301
365813085262701
370149085152101
370208085223001

370219085214301
370307085225901
370348085172501
370355085224601
370448085221901

370448085250101
370512085190001

370512085251901

370517085223601
370521085221901
370559085263101
370622085263001
370654085225101

370655085225401
370709085161701
371016085170001

371124085201501

371145085073101
371304085104901

LOCAL
IDENT=-

FIER

JeE s SPARKS

SELLIE REESE

DALE MOREAU

WELBY HARM

TRI=-CITY ENTERPRISE

CARLOS WUODEN WP35 #2
UUEL SNEEOD

NORTON #1

PERRY FULRK

SCOTY

OIL VENTURES i1~ P, CORBIN
CONOVER

OIL VENTURES #2

ROACH #1-BARDIN
ROACH #1-8

C.Re MOSS AND SONS
ADA P. SHIRLEY
GILPINs JR,

GILPINy JR.
MSe J. Ce PELLY
COLL1ISON

BILLY COFAR

BEN GRANT
WeTe BRIGHT

ADAIR COUNTY

DATE GEO-
OF LoGIC
SAMPLE UNIT

67-08-31 337FRPN
56-02-08 332MNRD
66-06~21 337FRPN
56-02-08 338056GE
71-06-04 367KNOX

367KNOX
367KNOX
367KNOX
367KNOX
333STLS

70=-09-23
69-11-18
69-11-20
69-11-20
59-06=-23

59-10-08 333STLS
71-06~04 367KNOX
59-06-25 337FRPN
59-10~08 337FRPN
T1-07-06 367KNOX

71-06-04 364MRFB
71-06-04 367KNOX
72-05-05 367KNOX
56-02-09 3380SGE

59-06-25 333STLS

59-10-08 333STLS
59-06~25 333STLS
59-10~-08 333STLS
56-02-08 338056t
59-06-23 333STLS

59~-10-08 333STLS
59-06=-23 337FRPN
59~-10-08 337FRPN
56-02-08 344SBJUV
56-02~-08 3380SGE
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ELEV,
OF LAND
SURFACE

DATUM

(FT.

NGVD)

(72000)

DEPTH
OF
WELL Y
TOTAL
(FEET)
(72008)

35

1583

1548

1536

1537

65

1488
120

120
SP ==

65
SP ==
50

48
60

OEPTH
TO ToP
OF
SAMPLE
INTER=-
VAL
(FT)
(72015)

270
135
1560

1515
1606

1512

1442
1408
1475

DEPTH
TO 80T~
TOM OF
SAMPLE
INTER=-
VAL
(FT)
(72016)

280

140
39
1570

1535
1614

1526
65

1460
1420
1488

DENSITY
(GM/ML
Af
20 C)
(71820)

1.01¢

1.008

1.020

1.053
le014
1.015
l.014

1.020

1.015

1.023
1.026
1.011

PH

(UNITS)
(00400)

e o o o o e o o o o

O W0 ® FWUNON WO ®OVY NO & &0 [+ 0¥ 2]

CN~NE~N PNNOY NN~ NSN~NON

N~N~N~NO
e o o e e
NI~ -®



SILICA,
DIS- IRON
DATE SOLVED DIS=  MANGA-
OF TEMPER-  (MG/L IRON SOLVED  WNESE

SAMPLE  ATURE AS (UG/L (UG/L (UG/L
(DEG C)  SI102) AS FE)  AS FE)  AS MN)
(00010)  (00955) (71885) (01046) (71883)
67-08-31 -- 15 -- -- --
56-02-08 13.8 - 370 -- -
66-06-21 -- 5.5 -- -- -
56=02-08 14.6 - 3300 -- -~
71-06-04 - 8.9 170000 -- --
70-09-23 -- -- 4300000 -- --
69-11-18 -- 1.5 78000 -- 4900
69-11-20 -- 18 1600 -- 80
69-11-20 -- 34 140 -- 10
59-06-23 16.6 - 190 - -
59-10-08 18.3 -- 190 -- --
71-06-04 -- 3.5 63000 - --
59-06-25 -- - 50 -- -
59-10-08 -- -- 220 -- --
71-07-06 -- 11 50 -- --
71-06-04 - -- 44000 -- 1700
71-06-04 -- 10 300 -- --
72-05-05 -- 11 -- 70 --
56-02-09 13.3 - 140 -- -
59-06-25 -- - 1700 - --
59-10-08 14,6 -- 600 -- --
59-06-25 - -- 450 - -
59-10-08 18,5 - 60 -- --
56-02-08 14,64 -- 580 -- -
59-06-23 15.0 -- 80 -- --
59-10-08 14.5 - 70 -- --
59-06-23 -- -- 140 -- -
59-10-08 14,4 -- 100 -- --
56-02-08 14,4 - 490 -- --
56-02-08 12.7 -- 310 -- --

ADATR COUNTY

MANGA -
NESE »
DIS~
SOLVED
(UG/L
AS MN)
(01056)

20

CALCIuM
DIsS-
SOLVED
(MG/L
AS CA)

(00915)

596

481

1700

9130
544
528
125

720

1200

1200
2200

41

MAGNE -

SIUuMs SODIUM»
DIsS- DIs-
SOLVED SOLVED
(MG/L (MG/L
AS MG) AS NA)
(00925) (00930)
288 4760
119 3970
750 5300
1170 9670
267 4600
280 6140
410 5030
440 8900
250 4900
840 8500
1300 8300
220 3800

- 58

POTAS~-
SIUM,
0Is-

SOLVED

(MG/L

AS K)

(00935)

51

43

150

76
123
142
197

BICAR~
BONATE
(MG/L
AS
HCO3)
(00440)

195
373
258
668

0
216
245
3%0
217

226
67

192

ALKA=-
LINITY
(MG/L
AS
CACO3)
(00410)

-
-w
-

320

+ 7€

236
480

22
458
445
332
274

410
268
306
282
145

176
408
150
336

66

365

220
251

1193

146



ADATR COUNTY

NITRO- NITRO=- SOLIDS, SPE=-

CHLO=- FLUO- GEN» GEN, RESIDUE HARD=- CIFIC

SULFATE RIDE, RIDE. IVDIDEs BROMIDE NITRATE NITRATE PHOS= AT 180 HARD~ NESS» CON=-

UATE DIS- DIS=- DIs- DIs- DIS~- DIS- DIS~ PHORUS » DEG. C NESS NONCAR= DUCT~-

oF SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED TOoTAL DIS- (MG/L BONATE ANCE
SAMPLE (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L SOLVED AS (MG/L (MICRO=-

AS S04) AS CL) AS F) AS 1) AS BR) AS NO3) AS N) AS P) {MG/L) CACO3) CACO3) MHOS)
(00945) (00940) (00950) (71865) (71870) (71851) (00618) (00665) (70300) (00900) (00902) (00095)
67-08-31 902 8640 lel «84 28 - -- - 15600 2670 - 24400
56-02=-08 13 6.8 el - - 12 -- -- - 186 26 362
66-06-21 3840 4570 .6 29 28 - -- - 13600 1690 1380 18600
56-02-08 179 162 - -- -- e1l0 -- -- - 345 134 1230
71-06-04 1500 12000 2e5 - - «00 -- - 23100 7300 6800 31500
70=09=-23 1190 39200 2eb - -- -- - - 71200 28000 28000 77100
69-11-18 1810 7900 2.2 -- - «20 - -- 15200 2460 2280 22900
69-11-20 1040 10300 2.5 -- - «00 -- - 18400 2470 2270 26800
69=-11-20 639 8500 le1 «80 33 -- - - 15700 2000 1680 22800
59=06=-23 24 3.4 el -- - 9.0 -- - - 205 27 394
59=-10-08 50 840 ol - -- 5.9 -- - -- 242 57 466
71-06-04 480 16000 1.8 -- - «00 - - 27700 3800 3700 39600
59-06-25 50 47 ol - - 3.0 - - - 203 46 394
59~10-08 50 B840 o2 - - «50 - -- - 238 44 457
71=07-06 230 9700 6.7 -- - «00 - - 17600 4000 3600 25800
71=06-04 13 18000 5.8 246 54 - - - 30700 6400 6400 42100
71-06-04 140 20000 2e4 - - «00 - - 36000 11000 11000 46100
72~05-05 1500 6000 3.7 - - «00 «00 -- 12500 2200 1800 18500
56~02-09 38 13 ol -- - 9.0 - - - 309 37 602
59~06-25 201 46 8 - -- 43 - - - 55 0 1080
59~-10-08 338 130 lel -- -- 94 - - - 88 0 1910
59-06=-25 26 4.0 ol - -- 6.4 led - - 251 32 462
59-10-08 24 5.0 ol - -- 26 +59 - - 276 24 510
56=-02-08 11 20 ol - - 30 -- -- -- 294 63 561
59=06=23 11 5 +0 - -- 6.9 146 - - 126 7 250
59-10-08 6.0 2ol ol -- - Tel le6 -- - 158 14 304
59-06-23 334 15 o6 - - - - - - 654 320 1130
59=-10-08 268 13 s - - l.1 - -- - 386 263 748
56-02-08 12 78 - - -- e10 -- -- - 165 0 761
96-02-08 26 16 2 -- - Tel - - -- 77 23 221

21
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MAP
NO,

Te
8.
9,
10

STATION NUMBER

363817086000401
363851086063301
363854086083101
363913086051301
363934086062101

363939086081201

363941086021101
364011086041401
364012085595701
364023086023001

LOCAL
IDENT~-
1-
FIER

JeM. ROARK

JOHN DYER

ALLEN CO. BOARD OF ED.
TeGs BINNION

UNKNOWN

LUTHER HOUSE=-BIG SP.

GUY HARWOOD
BsMe PARRISH
CURTIS PARDUE
WILLIE YORK

DATE
OF
SAMPLE

53=04-16
53=-06-03
52-03-21
S1-12-05
57-07-03

51-11-30
52-08=-14
53-03-06
53-06-01
54-06-07

54-08=-31
54~-11-18
55-03-11
55-05=27
55-08-30

55=11~-10
56-03-07
56=03-07
56-03~18
56=-06~21

56-10-03
57-02-22
57-05~13
57-08-15
57=-11-05

58-03-04
58=-05-28
58-08=22
58=11-20
59-03~18

59-10~-07
60-04=-23
60-06~15
61-04-18
61-10-25

63-11-20
53=-06-03
53-06~03
51-12=05
53-05-29

ALLEN COUNTY

GEO=-
LOGIC
UNIT

350SLRN
111AMOT
337FRPN
337FRPN
337FRPN

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
337FRPN
337FRPN
350SLRN
350SLRN

23

ELEV.
OF LAND
SURFACE

DATUM

(FT.

NGVD)

(72000)

DEPTH

OF

WELL

TOTAL

(FEET)
(72008)

SP
SP
23
30

SP

80

16
SP

DEPTH
TO TOP
oF
SAMPLE
INTER=-
VAL
(FT)
(72015)

DEPTH
T0 BOT-

TOM

OF

SAMPLE
INTER-

VAL

(FT)
(72016)

105

DENSITY
(GM/ML
AT
20 C)
(71820)

PH

(UNITS)
(00400)

Teb

Teb

6e7
7.3
7.2

LEX

~4
.
&

T3

~~
L N ]
VRN

® o o o o ® ® @
SO=NO

NNNSNSN NN~NaNN

.
VYOS

~~=~
o o o
NG

Te7
7.5

Te2



DATE

OF TEMPER~-

SAMPLE ATURE
(DEG C)

(00010)

53-04-16 12.0
53-06-03 14.4
52-03-21 18.0
51=-12-05 12.7
57=07-03 15,5
51-11-30 13.3
52-08-14 13.3
53-03-06 11.1
53-06-01 13.3
54-06=-07 13,3
54-08-31 13.3
_54-11=18 13.3.
55=03-11 11.1
55=-05=-27 13.3
55=-08=30 13.8
55-11-10 13.8
56-03-07 13,3
56=-03-07 13.5
56=-03-18 10.5
56-06-21 14,4

56-10-03

57=02-22 11.1
57=05-13 13.3
57-08~-15 14.4
57-11-05 14,4
58=03-04 1040
58-05-28 13.3
58-08-22 14,4
58-11-20 13.8
59-03-18 10.5
59-10-07 l4.4
60-04-23 11.6
60-06-15 13.8
61-04-18 1106
61-10-25 13.8
63-11-20 13.8
53=06-03 15,0
53-06-03 14,5
51-12-05 12,0
53-05=-29 14,4

SILICA,
DIS-
SOLVED
(MG/L
AS
siI02)
(00955)

IRON

(UG/L
AS FE)
(71885)

160
100
100
920
390

290
100
300
110

70

120
20

IRON,
DIS-
SOLVED
(UG/L
AS FE)
(01046)

7.2

20
110
130

120
320

60
560

40
70
260
90
150

10
100
10
360
60

0
110
210

40
40

40
150
100

50

60

MANGA=
NESE

(UG/L
AS MN)
(71883)

ALLEN COUNTY

MANGA=
NESE »
DIS-
SOLVED
(UG/L
AS MN)
(01056)

24

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)

(00915)

22

MAGNE =
SIUM,
DIS-

SOLVED

(MG/L

AS MG)

(00925)

FULAD=

SODIUM, SIUM,
DIS- OIS~

SOLVED SOLVED
(MG/L (MG/L
AS NA) AS K)
(00930) (00935)

7-9 -

2.7 1.0

3'7 - e

1.0 1.9

BICAR=
BONATE
(MG/L
AS
HCO03)
(00440)

104
52
144
42
109

90
129
72
95
112

138
124
70
96
133

210
50
74

112

144
96

120
156

196
74

ALKA=-
LINITY
(MG/L
AS
CACO3)
(00410)

85

118

161
61



DATE
OF
SAMPLE

53-04-16
53-06-03
52-03-21
51-12-05
57-07-03

51-11-30
52-08-14
53-03=-06
53-06-01
54=-06-07

54-08-31
54-11-18
55-03-11
55-05=-27
55-08-30

55-11-10
56=03=-07
56=03-07
56-03-18
56=-06-21

56-10-03
57-02-22
57-05-13
57-08=-15
57-11-05

58-03-04
58-05-28
58-08-22
58-11-20
59-03-18

59-10-07
60-04=-23
60-06-15
61-04-18
61-10-25

63-11-20
53-06-03
53-06-03
51-12-05
53-05-29

SULFATE
DIS-
SOLVED
(MG/L
AS S04)
(00945)

CHLO~-
RIDE s

DIS-

SOLVED
(MG/L
AS CL)
(00940)

1.5

—
.
(= \V}

|
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FLUO=-
RIDE
DIS-
SOLVED
(MG/L
AS F)
(00950)

ol
ol
o2
el

ol
ol
ol
o0
3

«0
ol
o0
el
«0

ol

el
ol

IODIDE,
DIs-
SOLVED
(MG/L
AS 1)
(71865)

ALLEN COUNTY

BROMIDE
DIS-
SOLVED
(MG/L
AS BR)
(71870)

NITRO-
GEN»
NITRATE
DIS-
SOLVED
(MG/L
AS NO3)
(71851)

10

25

—NNPW NWWN WWwer=w NS s
e o o o o o o o o o e ® o 0 o

(e ] OVO~NNO~N NWwr &N VOoORrWH

n NWWwwNn WreWwws

O & 0D =

IO OUT NN O N~

NITRO-
GEN
NITRATE
pDIS-
SOLVED
(MG/L
AS N)

(0061

2.

8)

PHOS=-
PHORUS »
TOTAL
(MG/L
AS P)
(00665)

SOLIDSs
RESIDUE
AT 180
DEG. C
DIS-
SOLVED
(MG/L)
(70300)

HARD=
NESS
(MG/L
AS
CACO3)
(00500)

92
49
129
66
91

84
122
70
88
99

134
121
73
95
124

HARD=-
NESS.
NONCAR=-
BONATE
(MG/L
CACO3)
(00902)

7

11

SPE-
CIFIC
CON=-
DUCT-
ANCE
(MICRO~-
MHOS)
(00095)

186
108
268
199
203

189
250
147
184
204

270
246
150
188
259

382
116
114
152
2lé

284
148
186
248
313

174
171
227
201
152

253
169
275
137
271

267
237
163
462
260



MAP
NO,

11,
12,
13.
14,
15,

16,
17,
18,
19,
20,

21,
22,

STATION NUMBER

364044086061001
364053086131401
364057086031801
364059086032101
364103086142201

364130086124301
364134086145001
364135086211001
364156086040901
364214086112401

364218086133101
364220086161901

LOCAL
IDENT=-
I-
FIER

JeB. TRACY
LANDERS

HENRY HAMMOCK
REVe LeAs STEWART
CONCORD SCHOOL

BeBes PIPER

ALLEN CO. BOARD OF ED.
MAYHEW LEASE

JeSes HAGAN

MARY AUSTIN FARM

AUSBROOKS

G MILLERy WATKINS LSE.

23, 364224086094101 ReAs 'KING

24,
25,

26,
27,
28,
29,
30,

31,
32,
33,
34,

364230086132901
364238086060301

364241086044501
364250086005401
364250086134401
364255086112001
364301086075001

364315086070001
364315086122301
364315086133401
364325086043501

We. MC REYNOLDS
ReGe SPEAKMAN

CLAUDE WHITNEY

TeCe GRAY

EARL PITCHFORD
COY RICHARDSON
SeRe MAYHEW

JESSIE CALVERT
LUTHER BLANKENSHIP
MARLOW JOHNS

CITY OF SCOTTSVILLEs KY,

ALLEN COUNTY

DATE
OF
SAMPLE

53-05-01
71=07=-07
53-05-29
53-04~-28
71=-07=07

50-09-14
52-10-29
72-07-13
50=-06~02
68-05=-22

71-07=07
72-07-13
50-09~-14
66=06-22
53-05-06

53-06~03
53-04=24
54~-08-21
50-09-14
50-12~14

53-05-22
50-09-14
50-09-14
51-09-12
52=-10-29

53=-02-21
53=06-01
54=05=27
54=07=-27
54-08-25

55=-03-14
55=05-27
55~08-30
55=-11-10
56-03-08

56=-06-21
56-10-03
57=-02=-22
57-05-13
57-08-15

GEO~-
LOGIC
UNIT

341NALB
354L0GD
337FRPN
337FRPN
354L0GD

337FRPN
337FRPN
340DVNN
337FRPN
354LVLG

354L0GD
350SLRN
333WRSHW
354LVLG
337FRPN

350SLRN
350SLRN
350SLRN
337FRPN
337FRPN

337FRPN
337FRPN
337FRPN
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

26

ELEV.
OF LAND
SURFACE

DATUM

(FT,

NGVD)

(72000)

DEPTH

oF

WELL

TOTAL

(FEET)
(72008)

49
44

SP
20
47

3e
SP

SP
90
330

82

76
20
33
SP

DEPTH
T0 TOP
OF
SAMPLE
INTER-
VAL
(FT)
(72015)

__ 3715

DEPTH
TO BOT~-

TOM

OF

SAMPLE
INTER=-

VAL

(FT)
(72016)

245

400

350

DENSITY
(GM/ML
AT
20 C)
(71820)

1.004

1.007

1.012

1.007
1.021

PH

(UNITS)
(00400)

Teb

Te7

7.8
Tel
73

Te0
T.9

T3

7.5

Te7

7.5
Te2
T3
7.8

8.2
8.0
T3
745
Teb



DATE
OF
SAMPLE

53-05-01
71=-07-07
53-05-29
53-04-28
71-07=-07

50-09~-14
52-10-29
72=-07-13
50-06-02
68-05-22

71-07-07
72-07-13
50-09-14
66-06-22
53-05-06

53-06-03
53-04-24
54~-08-21
50-09-14
50-12-14

53-05-22
50-09-14
50-09-14
51-09~-12
52-10-29

53-02-21
53-06-01
54-05-27
54-07-27
54-08-25

55-03-14
55-05-27
55-08-30
55-11-10
56-03-08

56-06-21
56-10-03
57-02-22
57-05-13
57-08~-15

TEMPER=-
ATURE
(DEG C)
(00010)

12.0

13.0
16.0

14.0
14.0

l4.4

SILICA,
DIS-
SOLVED
(MG/L

AS
SI102)
(00955)

IRON

(UG/L
AS FE)
(71885)

IRON,
DIS~-
SOLVED
(UG/L
AS FE)
(01046)

ALLEN COUNTY

MANGA -
NESE
(UG/L
AS MN)
(71883)

100

MANGA=-
NESE »
DIS-
SOLVED
(UG/L
AS MN)
(01056)

27

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)

(00915)

MAGNE=-
SIUM,
DIS-

SOLVED

(MG/L

AS MG)

(00925)

SODIUM,
DIS-
SOLVED
(MG/L
AS NA)
(00930)

1.5

POTAS-
SIUM,
DIS-

SOLVED

(MG/L

AS K)

(00935)

33

BICAR-
BONATE
(MG/L
AS
HCO3)
(00440)

84
840
33
216
736

116
135
190

6
610

757
412
80
415
59

131
143
1234
252
260

227
206
260
138
142

102
116
122
152
152

89
128
154
150

94

136
160

79
124
147

ALKA=-
LINITY
(MG/L
AS
CaCO03)
(00410)

107
117
1010



ATLLEN COONTY

BROMIDE
pIS~
SOLVED
(MG/L
AS BR)
(71870)

3.0

12

CHLO- FLUO-

SULFATE RIDE» RIDE» IODIDE

DATE DIS~- DIS~- DIS- DIS-
OF SOLVED SOLVED SOLVED SOLVED
SAMPLE (MG/L (MG/L (MG/L (MG/L
AS S504) AS CL) AS F) AS 1)

(00945) (00940) (00950) (71865)
53-05-01 6.8 1.0 ol -
71-07-07 620 1200 leé 50
53-05-29 11 11 «0 -
53'04-28 3.7 7-2 0 -
71-07-07 16 3300 5 le4
50-09~14 1.0 4.0 o0 -
52-10-29 4.5 5-0 00 -
72-07-13 1500 7600 .9 3.8
50-06-02 4.9 T.0 9 -
68-05-22 1160 470 1.2 21
71-07-07 1400 2200 1.4 1.0
72-07-13 1200 16000 1.0 3.8
50~09-14 2.0 68 0 -
66-06-22 80 2510 9.0 «50
53-05-06 4.3 1.2 ol -
53'06"03 11 2-2 o0 -
53-04-24 l44 9.5 2 -
54-08-21 387 2780 «9 -
50-09-14 28 5.0 ) -
50-12-14 14 5.5 0 -~
53-05-22 14 3.2 «0 --
50-09-14 242 12 ol -
50-09-14 20 9.0 0 -
51-09‘12 11 1.8 ol -
52-10-29 15 2.5 0 --
53-02°21 12 2-1 01 -~
53-06-01 6.6 1.9 0 -
54-05-27 10 26 ol -
54-07-27 14 2.8 .0 -
54-08~25 19 3.5 ol -
55-03~14 26 2.0 0 --
55-05-27 12 1.5 el --
55-08~-30 11 4e¢5 ] -
55-11-10 18 2.5 ol -
56-03-08 Te 1.5 ol -
56-06-21 l4 25 ol -
56-10-03 10 22 ol -
57-02-22 4,8 leé ol -
57-05-13 8.0 1.0 0 -
57-08-15 10 3.0 2 --

4.4

NITRO~
GEN»
NITRATE
DIS-
SOLVED
{MG/L
AS NO3)
(71851)

e o o o o .
L -]

NVDVOWW rcLWNOCS

wWwwwmn NwN v W NENW S w W

*® © o o o
@®NVONO

N
oo

NITRO-
GEN»
NITRATE
DIS-
SOLVED
(MG/L
AS N)
(00618)

SPE-

SOLIDS.
RESIDUE HARD- CIFIC
PHOS~ AT 180 HARD~ NESS, CON-
PHORUS » DEG. C NESS NONCAR- DUCT~-
TOTAL DIS~- (MG/L BONATE ANCE
(MG/L SOLVED AS (MG/L (MICRO~-
AS P) (MG/L) CAC03) ~ CACO3) MHOS)
(00665) (70300) (00900) (00902) (00095)
- - 68 - 141
- 3700 1000 360 5470
- -- 47 20 188
- - 170 0 367
-- 6010 940 340 10500
-- -- 110 15 232
-- - 100 0 260
- 14700 3000 2900 22000
-~ 57 23 18 T4
-- 2870 1580 1080 3980
- 6570 2300 1700 8900
- 28900 4900 4600 40300
- - 161 95 549
- 4600 567 227 7780
- -~ 46 0 108
- - 120 13 239
- - 252 140 581
- - 1016 4 9680
-- -- 268 61 513
- 243 233 18 428
-- - 204 18 396
- - 414 250 772
- -- 232 19 434
- 139 128 16 241
-- -- 135 -- 265
-- 106 96 - 207
- - 66 - 213
- - 119 -- 239
- - 97 - 274
- - 139 -- 273
-- - 86 13 173
-- - 115 10 234
- - 139 13 320
- - 142 19 280
-- - 90 13 176
-- -- 122 10 254
-- - 147 16 276
- - 88 23 156
-- - 114 12 215
-- - 134 14 262




MAP
NO,

34,

35,

36,
37,
38.
39,
40,

41,
42,
43,
44,
45,

46,
47,
48,
49,
50,

51,
52,
53,
54,
55,

56,
57,
58,
59,
6Q,

61.
62,
63,
64,
65,

STATION NUMBER

364325086043501

364338086110101

364343086143501
364346086185101
364350086134601
364403086112901
364405086151201

364413086025301
364422086125601
364426086112301
364428086240701
364429086145701

364431086112201
364435086100101
364443086071201
364453086111801
364457086082301

364521086123301
364523086110701
364525086114201
364532086110601
364532086122601

364538086070401
364539086024401
364545086105001
364608086125501
364613086110401

364616086124901
364617086032601
364621086120201
364640086072901
364642086140901

LOCAL
IDENT-
1-
FIER

CITY OF SCOTTSVILLE, KY,

JESSE MARION

MS. P. BLANKENSHIP
ASTRO PHOENIX

JOHN & WOODROW MILLER
MS. MAE HARRISON
PIERSON-WHITLOW LSE.

SeJes PITCHFORD

ALLEN CO. BOARD OF ED.
CITY OF SCOTTSVILLEs KY,
T«0. HIGGINS

JeGo LEWIS

CITY OF SCOTTSVILLEs KY,
JACK REED

M.He SPENCER

ESTIL ScCOTT

BLOND GROSS

CLARENCE SEXTON
G.W. WEAVER
ALLEN READ

B.E. COOKSEY
O.Jo WOOTEN

OURHAM SPRING
Se0. MC INTYRE
AUSBROOKS=-HOWARD
JeLe TURNER

PeHe CONNER

W.R. SPURLOCK

DeW. CLIBURN
PRINGLE POWDER CO.
L.Co BRASWELL
GAYLON PEARSON

ALLEN COUNTY

DATE
OF
SAMPLE

57-11-19
58-03-04
58-05-28
58-08-22
S8-11-21

59-03-18
59-10-06
60-04-23
61-04~-18
50-09-14

50-09-14
72-07-13
50-09-14
50-09-14
72-07-13

53-04-16
52-10-29
52-07-21
71-07-07
50-09-14

50-06-01
51-09-08
53-05-13
50-09-14
51=-11-30

50-09-13
50-09-14
50-09-13
50-09-13
50-09-14

S1-11-30
53-06-09
71-07-07
50-09-13
50-09-14

50-09-13
53-06-09
51-07-28
S0-12-14
$0-09-13

GEO~-
LOGIC
UNIT

354LVLL
354LVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
354LVLL
354LVLL
337FRPN

337FRPN
350SLRN
337FRPN
337FRPN
350SLRN

350SLRN
333WRSW
337FRPN
340DVNN
337FRPN

337FRPN
337FRPN
337FRPN
337FRPN
337FRPN

333WRSW
333WRSW
333WRSW
337FRPN
333WRSW

337FRPN
337FRPN
354L VL6
333WRSW
333WRSW

333WRSW
337FRPN
337FRPN
337FRPN
333WRSW

29

ELEV.
OF LAND
SURFACE

DATUM

(FT,.

NGVD)

(72000)

DEPTH
OF
WELL
TOTAL
(FEET)
(72008)

SP -

SP ==

Sp ==
55
33
SP ==
SP ==
100
24
100

SP --
95

SP ==
80

80
145

40

DEPTH
TO TOP
OF
SAMPLE
INTER-
VAL
(FT)
(72015)

460

DEPTH
TO BOT-
TOM OF
SAMPLE
INTER=-

VAL

(FT)
(72016)

475

118

24

DENSITY
(GM/ML
AT
20 C)
(71820)

PH

(UNITS)
(00400)




ALLEN COUNTY

SILICA,
DIS- IRON
DATE SOLVED DIS- MANGA-
OF TEMPER- (MG/L IRON SOLVED  NESE

SAMPLE ATURE AS (UG/L (UG/L (UG/L
(DEG C)  S102) AS FE) AS FE) AS MN)

(00010) (00955) (71885) (01046) (71883)

S7-11-19 13.3 - 140 - -
58=03-04 10.5 - 0 - -
58-05-28 12.7 8.1 50 - 40
58-08-22 15.0 - 0 - -
s8-11-21 13.3 - 110 - -
59-03-18 10.5 - 40 - --
59-10-06 13.8 - 20 - -
60-04-23 11.1 - 70 - -
61-04-18 11.1 -- 110 - -
50-09-14 18.0 - 300 - -
50-09-14 16.0 - 210 - -
72-07-13 - - - 51000 -
50-09-14 16,0 - 220 - -
50-09-14 14,0 - 310 - -
72=-07~-13 - 46 - 20 -
53=04-16 13.0 6.2 310. - 0
52-10-29 13.0 - 160 - -
52-07-21 19.0 7.2 170 - 0
71-07-07 - 33 420 - 600
50-09-14 16.0 -- 240 - -
50'06-01 16.0 5.2 150 hadd hadnd
51-09-08 14.5 11 380 - 0
53-05-13 14,0 - 140 - -
50-09-14 16,0 - - -- -
51-11-30 14,0 - 830 -- -
50-09-13 17.0 - 1100 - -
50-09-14 15.0 - 240 - -
50-09-13 15.0 - 250 - -
50-09-13 16.5 - 320 - -
S0-09-14 15.0 - 240 - -
51-11-30 14.0 - 330 - -
53=06=09 - - 210 - -
71-07-07 - - 33000 - 5700
S0~09-13 16,0 - 170 -- -
50-09-14 18.0 - 1500 -- -
S0-09-13 16,0 -- 1200 - -
53-06-09 14,0 - 80 - -
S1-07-28 14,0 9.6 800 -- 380
S0=12-14 14,0 - 460 - -
50-09-13 15.0 - 310 - -

MANGA -
NESE »
DIS-
SOLVED
(UG/L
AS MN)
(01056)

410

30

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)
(00915)

26

1200

41
348

MAGNE -
SIUM,
DIS-

SOLVED
(MG/L

AS MG)

(00925)

7.3

SODIUM,
DIs-
SOLVED
(MG/L
AS NA)
(00930)

1.2

2100

POTAS~-
SIUM, BICAR- ALKA-
DIS~- BONATE LINITY
SOLVED (MG/L (MG/L
(MG/L AS AS
AS K) HCO3) CACO3)
(00935) (00440) (00410)
- 109 -
5 105 hatd
-- 144 -
- 145 --
-- 100 --
- 155 -
- 112 -
- 102 --
-- 128 105
- 86 71
93 348 285
T 323 265
- 98 80
82 643 527
o6 101 83
- 304 249
1.3 174 143
110 270 -
- 258 212
- 151 124
649 266 -
- 18 15
- 20 16
- 86 71
- 120 98
- 328 269
- 202 166
- 98 -
- 318 261
-- 62 51
- 238 195
63 292 -
- 272 223
- 331 271
= 32 76
- T4 61
3.5 178 146
- 144 118
- 188 154




DATE
SAMPLE

57-11-19
58-03-04
58-05-28
58-08=-22
58-11~-21

59-03-18
59-10-06
60-04-23
61~-04~18
50-09-14

50-09-14
72~07~13
50~-09-14
50-09-14
72-07-13

53-04-16
52-10-29
52-07-21
71-07-07
50-09-14

50-06-01
51-09-08
53-05-13
50-09-14
51-11-30

50-09-13
50~09-14
50-09-13
50-09-13
50-09-14

51-11-30
53=-06-09
71-07-07
50~09-13
50-09-14

50-09-13
53-06-09
51-07-28
50-12-14
50-09~-13

SULFATE
oIs-
SOLVED
(MG/L
AS S04)
(00945)

8.8
8.4
6.6

919

4.0

1190
T.0
496

6.6

890
8.0
235

910
1.9
616
18
21

CHLO~-
RIDE»

DIS-

SOLVED
(MG/L
AS CL)
(00940)

SENVS
e o 0 o o e o o o o
cooWwnmo wouvmoo

.
o

2300

SO0 gwhhmnn

wn
n
o
(=4

146
6.0
4.0

FLUO-
RIDE,
DIS-
SOLVED
(MG/L
AS F)
(00950)

ol
«0
o0
«3
ol

ol
o0
2
o1

o0
le6
«0
«0
1.8

ol
ol
o0
5
ol

2
9
2
«0
o2

0
0
3
ol
b

el
ol
6.2
o0
.9

o7
o0
o4
«0
ol

IODIDE
DIS-
SOLVED
(MG/L
AS T)
(71865)

3.9

2.7

6.1

ALLEN COUNTY

BROMIDE
DIS~-
SOLVED
(MG/L
AS BR)
(71870)

NITRO~
GEN»
NITRATE
DIS~
SOLVED
(MG/L
AS NO3)
(71851)

3.8

MDWEN PDUAUNN
e o o o
O

TtNNNNY N &~

31

NITRO-
GENy
NITRATE
DIS-
SOLVED
(MG/L
AS N)
(00618)

PHOS~-
PHORUS »
TOTAL
(MG/L
AS P)
(00665)

SOLIDS»
RESIDUE
AT 180
DEG. C
DIS~-
SOLVED
(MG/L)
(70300)

111

19100

HARD~-
NESS
(MG/L
AS
CACO3)
(00900}

21000
286
83
2300

95
398
204

6200
213

152
1150
96
S1
80

102
361
1380

778

62
234
12000
236
504

716

56
768
143
173

HARD-
NESS»
NONCAR-
BONATE
(MG/L
CACOY)
(00902)

1800

12
150
61
5900

28
930
81
35

92
1200

520
11

39
11000
230
640

0

623

25
19

SPE-
CIFIC
CON-
DUCT~
ANCE
(MICRO~
MHOS)
(00095)

141
197
190
249
257

186
279
202
179
227

171
51400
530
166
17100

193
T44
442
47300
402

291
1690
427
220
183

207
730
2190
246
1590

118
486
26600
442
873

2480
171
1682
258
343



ALLEN COUNTY

DEPTH DEPTH
ELEV. T0 TOP TO BOT=-
LOCAL OF LAND DEPTH OF TOM OF
IDENT= DATE GEO-  SURFACE OF SAMPLE  SAMPLE DENSITY
I- OF LOGIC DATUM WELL » INTER=-  INTER=-  (GM/ML PH

MAP  gSTATION NUMBER FIER SAMPLE UNIT (FT. TOTAL VAL VAL AT
NO. NGVD) (FEET) (FT) (FT) 20 C) (UNITS)

(72000) (72008) (72015) (72016) (71820) (00400)
66. 364650086051501 PAYNE-CARVER 71-06-02 344SBUV -- - -- 125 1.005 Teb
67, 364655086093301  HENRY HOLLAND 50-09-14 337FRPN - SP == - - . -
68, 364702086134401  GAYLON PEARSON 50-09-13 337FRPN - SP == - - - -
69, 364720086090101 FAIRVIEW DRILLING CO. 66-06-22 354LVLG -- -- -- 380 1.010 7.7
70, 364727086084901  MARVIN WOOD 50-12-14 333WRSW - 68 - - - -
71, 364730086141401 ROBERT BURTON 50-09~-13 344SBUV - -- -- 410 -- -
72, 364735086165401  CHARLES LIVINGSTON 70-05-19 344SBJV - -- - -- 1,044 8.2
73, 364739086100701  JAMES SAMSON 50-09-14 333WRSW -- 25 - -- - --
74, 364740086113501 J. WILSON 71-10-13 354L06GD -- -- -- - 1.026 7.6
75, 364751086065401 W. Be OWENS 53-07-01 337FRPN -- Sp == -- - - --
76, 364812086075001  HOBART LYLES 50-12-14 333WRSW -- 44 - - -- --

_ 1 HIGGINS-C.Be BELLER  71-07-20 354L0GD -- - - == 1.048 5.1 -

78, 364834086102101 ROBERT WELCH 50-12-14 333WKSW - 25 - - - -
79. 364908086184801  SATTERFIELD-SPEARS 70-05-19 354L0GD -- -- - - 1.005 7.6
80. 364913086063401 Je.Fs HURT 53-07-02 333WRSW - 60 - -—- - --
8l, 364913086085401 CLEMENS-WILLOUGHBY 71-09-08 354LVLG -- - - - 1.019 7.1
82, 364915086140601 WOOTEN, TURNER, & Se CORDER 71-10-13 354L0GD - - - - 1.030 7.5
83, 364955086095501 LeL. MYERS 50-12-14 333WRSW - SP == -- -- -- 7.7
84, 365002086064101 HURBERT SHIELDS 53-06-25 337FRPN -= 106 - - -- -
85. 365002086140201 C. WEAVER #2 67-06-21 354LVLG - -- 368 393 1,031 7.3
86, 365037086092001 H.D. STARK 50-12-14 337FRPN - SP == - - -- -
87, 365049086073301 B.J. WEAVER 50-12-14 337FRPN - 65 - -- -- -
88, 365105086060501 S.P. HOLDER 53-07-02 333WRSW - 65 - - - -
89, 365113086101401  BUEL BUCHANAN 50-12-14 333WRSW - SP == - -- -- -
90, 365120086120701 WHITE PLAINS-TABOR 66-06-22 354LVLG - - -- 375 1.039 840
91, 365132086122401 DAVID T. FORD 51-08-13 - - 400 -- -- -- -
92, 365136086102101 OLD WELLS 72-05-05 3S0SLRN -- -- - - 1.014 7.0
93, 365145086102301 BAILEY-ALLEN 71-09-08 354L0GD - - - - 1.029 448
94, 365152086103401 MS. F.V. MOODY 50-12-14 333WRSW -- 100 - - - -
95, 365154086082301 W.I. SHIELDS 50-12-05 333WRSW - 57 - -- - 7.9
96, 365204086130701 E.C. WEAVER 50-12-05 333STLS - 69 - - -- 642
97. 365247086071901  WILKINSON 66-06-22 354LVLG -- 372 346 372 1.056 64
98, 365441086084201 NEAR MEADORs KY, 71-06-02 354L0GD - -- -- -- 1.012 7.6

32




DATE
OF
SAMPLE

71-06-02
50-09-14
50-05-13
66~-06-22
S0-12-14

50-09-13
70-05-19
50-09-14
71-10-13
53-07-01

50-12-14
71-07-20
50-12-14
70-05-19
53-07-02

71-09-08
71-10-13
50-12-14
53-06-25
67-06-21

50-12-14
50-12-14
53-07~02
50-12-14
66-06-22

51-08-13
72-05-05
71-09-08
50-12-14
50-12-05

50-12-05
66-06-22
71-06-02

TEMPER-
ATURE
(DEG C)
(00010}

15.0
16.0

14.0

15.5

17.0

14.0

14,0

14.0

18.0

SILICA,
DIS-
SOLVED
(MG/L

AS
s102)

(00955)

IRON

(UG/L
AS FE)
(71885)

190
170
1400

560

150
730
280
2600
30

450
520000
330
1100
110

15000
4000
240
80

820
280

50
420

130

120000
640
410

90

230

IRON,
DIS~-
SOLVED
(UG/L
AS FE)
(01046)

ALLEN COUNTY

MANGA~

NESE,
MANGA - DIS-
NESE SOLVED
(UG/L (UG/L

AS MN)} AS MN)
(71883) (01056}

30 --

33

CALCIUM
DIS~-
SOLVED
(MG/L
AS CaA)

(00915)

2450

2828
600
1700

104
16

2970
780

MAGNE -
SIUM,
DIS~-

SOLVED
(MG/L

AS MG)

(00925)

1260

700
340
780

35

6.1
1370
400

SODIUM,
OIS~
SOLVED
(MG/L
AS NA)
(00930}

1400

3380

POTAS~
SIUM,
DIS~

SOLVED

(MG/L

AS K)

(00935)

BICAR-
BONATE
(MG/L
AS
HCO3)
(00440)

154
133
140
1290
366

308
248

84
470
167

279

7
154
302
299

154
243
162
309

87

240
128
308
242
274

674
88
4
254
260

58
80
455

ALKA=-
LINITY
(MG/L
AS
CACO3)
(00410}

109
115

300

69

197

253
198

553
72

208
213

48

373



CHLO~- FLUO-
SULFATE RIDE» RIDE» I0DIDE
DATE DIS- DIS- DIS- DIS-
OF ‘SOLVED SOLVED SOLVED SOLVED
SAMPLE (MG/L (MG/L (MG/L (MG/L
AS SO04) AS CL) AS F) AS 1)
(00945) (00940) (00950) (71865)
71-06~02 2100 2200 3 10
50-09-14 9.0 3.0 o0 -
50-09-13 3.0 4.0 ol -
66=-06-22 478 5010 l.4 «50
50~12~14 126 5.0 0 -
50-09-13 876 89 b -
70-05-19 953 37500 5 4.9
50-09-14 8.0 30 0 -
71-10-13 2200 17000 6 2.0
53-07-01 7.8 1.6 o0 -
50~12-14 15 12 «0 --
71-07-20 5.3 41000 Se.4 4e4
50-12-14 160 62 «0 T =
70-05-19 6,8 3020 6 «85
53-07-02 219 18 o2 -
71-09-08 580 15000 5 2e1
71-10-13 1700 22000 l.4 25
50‘12'1‘ 8.4 245 «0 -
53-06-25 13 3.5 el --
67-06-21 2410 22400 1.3 20
50-12-14 31 4.0 o2 -
S0-12~-14 18 12 2 -
53-07-02 12 Se0 o2 -
50~-12-14 22 2e0 o0 -
66-06~22 808 40100 lo.4 5.8
51-08-13 180 56350 - 5.0
72-05-05 «0 10000 b 1.0
71-09-08 1300 22000 o7 4.9
50-12~14 30 3.0 el -
50-12-05 185 4.0 ol -
50-12-05 Se3 40 0 -
66-06-22 2490 42600 5 3.2
71-06-02 210 10000 o8 23

ALLEN COUNTY

NITRO-

GENo»
BROMIDE NITRATE
DIS- DIS-

SOLVED SOLVED
(MG/L (MG/L

AS BR) AS NO3)
(71870) (71851)

709 -

-~ 18

- 3.7

34

NITRO~-
GEN,
NITRATE
DIS-
SOLVED
(MG/L
AS N)
(00618)

1.7

401

«84

PHOS~-
PHORUS »
TOTAL
(MG/L
AS P)
(00665)

SOLIDS» SPE~-
RESIDUE HARD- CIFIC
AT 180 HARD- NESS» CON-
DEG. C NESS NONCAR- DuCT~-
DIS- (MG/L BONATE ANCE
SOLVED AS (MG/L (MICRO-
(MG/L) CACO3) CACO3) MHOS)
(70300) (00900) (00902) (00095)
6820 2300 2200 9210
- 118 9 235
- 116 1 235
9210 1360 302 168000
- 410 110 737
- 1130 - 1960
65500 9910 9710 74800
- 79 10 283
31700 5100 4700 43900
-- 132 0 256
- 244 15 432
73800 17000 17000 80300
34— 220 844
5600 1120 876 9290
- 485 240 925
26800 3060 2940 38100
42700 9200 9000 53600
170 150 18 288
- 278 25 519
40000 8440 8360 46800
- 236 39 417
-- 146 41 290
- 400 150 736
- 200 1 402
71200 11300 11100 86800
- 9900 9400 97770
17800 2900 2800 26400
40500 7460 7450 49800
- 246 38 415
488 402 190 684
97 66 17 154
78100 13000 13000 88600
18200 3600 3200 26500
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MAP
NO.

T

9.
10,
11,

STATIUN

375511085060201
375821084540401

375823084535701
380011085033301

380037084583001
380203084571901

380203084572001
380216085010501
38025808458¢201
380439084553801
380505084494501

NUMBER

LoCaL
1DENT=

FIER

THRULE HARDIN
OLD JOE DISTILLERY

CALVERT DISTILLERY
SeVe SHOUSE

HOFFMAN DISTILLERY
ANDERSON EXPLURATI1ON

ANDERSON EXPLOR. ASSOC.
GeGe PERRY
ANDERSON=SPARROW #1
UsUe MU GUFFY

JOHN FOSTER

ANDERSON COUNTY

DATE
OF
SAMPLE

53-10-01
52-02-13
57-06=21
52-02-13
53-10=01

56=01-13
56=04-19
52=02-13
57-06-21
64-01-13

64-02=24
53-10-02
65-06=28
53-10-08
53=10-02

GEO-
LOGIC
UNIT

361EDEN
364L XNG
364LXNG
364LANG
364CNTN

364CNTN
364CNTN
364LXNG
364LXNG
364LXNG

364LXNG
361EDEN
364SRVR
364CNTN
364TYRN

37

ELEV.
OF LAND
SURFACE

DATUM

(FT.

NGVD)

(72000)

VEPTH
OF
WELL S
TOTAL
(FEET)
(72008)

53
125

50

44

790

28

734
8.0

SP =-

DEPTH
To TOP
OF
SAMPLE
INTER-
VAL
(FT)
(72015)

DEPTH
TO 80T-

TOM

OF

SAMPLE
INTER=-

VAL

(FT)
(72016)

125

DENSITY
(GM/ML
AT
2u C)
(71820)

PH

(UNITS)
(00400)

~N~N @
L] L ] L]
1 W -

NNSNN~
L ] L ] L ] L] [ ]
onNvVo N

~ ~
[ ] [ ]
LIV BV



DATE
OF
SAMPLE

53-10-01
52-02-13
57-06-21
52-02-13
53-10-01

56-01~-13
56-04~-19
52-02-13
57=06-21
64-01-13

64=02-24%
53-10-02

—65-06-28 ——

53-10-08
53=-10-02

TEMPER=
ATURE
(DEG C)
(00010)

13.3
13.3
13.3
14.5

12.7
12.2
13.3
13.8

SILICA.
01ls-
SULVEU
(MG/L

AS
sive)

(00955)

BeU

BeY

8.1

IRON

(UG/L
AS Fe)
(71885)

700
110
220
1600
710

760
600
190
190

0

140
-1v0
300
31v

IRONY
DIS-
SOLVED
(Uob/L
AS FE)
(01040)

ANDERSON COUNTY

MANGA=-
NESE

(UG/L
AS MN)
(71883)

410

480
420
100

MANGA-
NESE s
Dils-
SOLVED
(UG/L
AS MN)
(01056)

38

CALCIUM
LIs-
SOLVED
(MG/L
AS CA)

(00915)

93

90

124

MAGNE =
SIUM,
DIS-

SOLVED
(MG/L

AS MG)

(00925)

8.3

14

SODIUM,
DIS-
SOLVED
(MG/L
AS NA)
(00930)

7.4

16

19

POTAS-
SIuM,
DIS-

SOLVED

(MG/L

AS K)

(00935)

1.5

2.2

BICAR- ALKA=
BONATE  LINITY
(MG/L (MG/L
AS AS
HCO3) CACO3)
(00440) (00410)
504 -
282 .-
350 -
307 252
330 --
339 o
240 --
299 -
300 -
364 -
432 -
492 -
123 ———— ==
304 -
284 --




DATE
OoF
SAMPLE

53-10-01
52-02-13
57=06=21
52-02-13
53-10-=01

6-01-13
56=-04-19
52=02-13
57-06=-21
64=-01-13

64=02=-24
53=-10-02
65=06-28
53-10-08
53-10-02

SULFATE
Dis=-
SOLVED
(MG/L
AS 504)
(00v45)

5¢2
36
23
37
46

81
85
69
65

116

1190
119
1340
87
12

CHLU=
RIDE

DIs=-

SULVED
(MOG/L
AS (L)
(00940)

538
6ed
940

17

50

16
1l
19
14
298

4990
24
13700
Beb5
3.0

FLUU=~
RIDL
LIsS-
SOLvVeD
(MG/L
AS F)
(00950)

5
3
o2
o4
o2

o2
4
o4
X
1.3

%
242
ol
Y

[ODIDE
visS-
SOLVED
(MG/L
AS 1)
(71865)

BROM Uk
VIS-
SOLVED
(MG/L
AS HR)
(71870)

ANDERSON COUNTY

NITRO-
GEN
NITRATE
DIS-
SOLVED
(Mo/L
AS NOJ)
(71851)

«20
10

39

NITRO=-
GEN
NITRATE
DIS=
SOLVED
(MG/L
AS N)
(00618)

PHOS=
PHUORUS »
TOTaAL
(MG/L
AS P)
(00665)

SOLIUS,
RESIDUE
AT 180
DEGe. C
DIS-
SOLVED
(MG/L)
(70300)

308

340

432
398
376

962

10300

23900

HAKD=
NESS
(MG/L
AS
CACO3)
(00900)

980
266
320
282
318

339
278
304
308
358

HARD=
NESS,
NONCAR=-
BONATE
(MG/L
CACO3)
(00902)

35
33
31

62
81
60
62
60

1420

5850

SPE-
CIFIC
CON-
LuUCT-
ANCE

(MICRO=
MHOS)

(00095)

1690
508
604
572
743

702
618
606
610
1670

15700
1010
36400
626
488




05' 89°00' 55!

X .
<
Y N \ wav \
° R\\’6 Z i ’\Q
° 2l . L ~ \\
N & [ ¥ " & //~ X
s NG
El v O \ﬁé\r.
7 o6, el
to! % et 1 o Y S SO ool
o r /:.-/ “! /) éﬁ'{_&;“’%‘a'g’:ﬂ"ﬁ LN gt \ 889501
S Y Y wanmeeweNT | et £ O F - -
3 ARE, T . 10!
/)

~
£ . —__ 05'
o Vil X [ -
by e i Ny
<
e _ufcmfr‘;: T
e
TR
"SRR
o AR
3/ ot
%’; \...
'.m
O
ot e fin |
TGKUFFES & - F Y . |
s U e L
D PP, A G | I ) 2 HY
T Sl R NS T
S R NP2
ARSI e Cy
2N "‘ ,‘_?‘ =, Al zf \
551
C A g
o L s, ¢
N\

ey BALLARD COUNTY
KENTUCKY




12,

14,

15.

16,
17,

18,
19,
20.
21,
22,

23,
24,
25,
26,
27,

28,
29,
30,
31,
32

33,
34,

35,

STATION

365553088592601
365601088573701
365633088580701
365642089051501
365643088555301

365702089015801
365703089051001
365707089012401
365719089032301
365719089033401

365727088594101

365732089052401
365735088533801
365736088580801

365746089052001

365746089052101
365755089053601

365756089053504
365757089053701
365759088500501
365842089022501
365845089045001

365902088503401
365919089021201
365928088550801
365553088573401
370022088502401

370028089000801
370028089062901
370102088573501
370130088531801
370200089001601

370204089022001
370308089025101

370326089040701

NUMBER

LOCAL
IDENT-
I-
FIER

TeWe POLVICK

Je SUMMERS

BALLARD CNTY, 8D, OF ED,
OHIO RIVER TIMBER CO.
CeLs RUDDER

JeHe STOVALL

HI GRADE CONCRETE CoO.
JeWes PITTMAN

LOWELL CARTER

FRED HARTSON

A. JONES

JeHe OWENS
Ce YOUNGBLOOD
C. BILLINGTON

KY, HIGHWAY DEPARTMENT

UNKNOWN
CITY OF WICKLIFFEy KY,

WICKLIFFEs KY, WATER CO,
CITY OF WICKLIFFE, KY,
We ELLIS

we Fo MAYBERRY

Je DENNIS

G. GRIFFITH
E. TEETERS
Ee« OHNING
RODNEY LEIGH
S. MOORE

He SIMMONS

UNKNOWN

BALLARD COUNTRY CLUB
BONDURANT

C+BOULTON

Je HINKLE
TOWN OF BARLOWs KY.

F. WEBB

DATE
OF
SAMPLE

65-09-16
65-09-16
65-09-24
66-03-15
65-09-08

54-09-03
68-04~15
66-03-08
66-11~-18
66-03-09

66-06-22
66-06-23
66-03-15
65-09-08
65-09-24

06-00-00
54-08-31
66-03~-09
54-08-31
58~11-04

65-03-08
67-01-26
51-02-15
54-09-03
66-09-22

65-03-02
65-03-12
65-09-24
67-03-20
64-07-29

65-03-12
67-06~08
68-06-26
64-10-30
65-03-12

65-03~-12
51-10-22
58-11-03
65-06-02
65-03-12

BALLARD COUNTY

GEO-
LOGIC
UNIT

112LFTT
124E0CN
124CLBR
124CLBR
124CLBR

112LFTT
124CLBR
124CLBR
124CLBR
124CLBR

124CBWX
124CBWX
124CLBR
124CLBR
124CLBR

211MCNR
211MCNR
211MCNR
21 1MCNR
1120TSH

124CLBR
124CLBR
124CLBR
124E0CN
112LFTT

124CLBR
124E0CN
124CLBR
124CLBR
124CLBR

124EO0CN
111AMOT
124CLBR
124CLBR
124E0CN

124EO0CN
124E0CN
124E0CN
124E0CN
112LFTT

41

ELEV.,
OF LAND
SURFACE

DATUM

(FT,

NGVD)

(72000)

330.00
461.00
328.00
355.00

465.00
454.00

365.00
365.00
363.00
389.00
460400

335.00
327.00
440400

410.00

470.00
451.00
467.00
472.00
485.00

484.00
305.00
470.00
409.00

396,00
375.00
375.00
375.00
351.00

DEPTH

OF

WELL

TOTAL

(FEET)
(72008)

29
43
202
109
120

540
280
364

275
275
185

76
160

1020
1020
1020
1020

142
142
193

37

160
265
234
180
180

206

204
212
113

105
150
150
150

49

DEPTH
TO TOP
OF
SAMPLE
INTER~
VAL
(FT)
(72015)

DEPTH
T0 BOT-

TOM

OF

SAMPLE
INTER-

VAL

(FT)
(72016)

29
43
202
109
120

20
540
280
364

62
275
275

160

142
142
193

37

234
180
180

11

ale

150
150

DENSITY
(GM/ML
AT
20 C)
(71820)

PH

(UNITS)
(00400)

6.4
6.6
6.6
72
6.0
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BALLARD COUNTY

SILICA, MANGA - MAGNE- POTAS-

DIS- IRON, NESE s CaLCIUM SIUMs, SODIUM, SIUM, BICAR- ALKA-

OATE SOLVED DIS- MANGA- DIS- DIS- DIS- DIS~- DIS- BONATE LINITY
OF TEMPER- (MG/L IRON SOLVED NESE SOLVED SOLVED SOLVED SOLVED SOLVED (MG/L (MG/L

SAMPLE ATURE AS (UG/L (UG/L (UG/L (UG/L (MG/L (MG/L (MG/L (MG/L AS AS

(DEG C) S102) AS FE) AS FE) AS MN) AS MN) AS CA) AS MG) AS NA) AS K) HCO3) CACO3)

(00010) (00955) (71885) (01046) (71883) (01056) (00915) (00925) (00930) (00935) (00440) (00410)

65-09-16 - - 380 -- - - - - -- - 66 --
65-09-16 - - 15000 -- - - - - - - 106 --
65-09-24 - -- 30 - - - - - - - 102 -
66-03-15 -- 12 90 -- 10 -- 74 41 11 o7 434 -
65-09-08 - - 60 - - - - - - - 22 -
54-09-03 - 20 130 -- 0 - 36 10 31 8 186 -
68-04-15 16.0 10 4100 -- 110 -- 7.6 4.7 8.6 1.0 62 -
66-03-08 13.8 - 2300 -- -- - - - 64 1.0 50 --
66-11-18 15.0 - 420 - - - - - - - 44 -
66-03-09 - 18 10 - 10 -- 27 9.4 13 o2 152 --
66=-06-22 l4.4 - 150 - - - - - -- - 26 --
66=06=23 14,4 16 1700 - 0 Lom= 3.6 lo6 4.2 el 24 -
66-03-15 15.0 15 60 - 20 - 10 Set T.7 ) 68 -
65-09-08 -- -- 310 -- -- - -- -- - -- 86 -
65-09-24 - - 3000 - - - - -- -- - 30 -
06-00-00 -- 7.3 1600 -- - -- 40 11 47 - 48 184
54-08-31 17.7 - 1400 - - - -- - - - 184 151
66-03-09 13.3 15 1300 -- 0 -- 24 6.6 49 5.8 181 --
54-08-31 18.0 -- 1400 -- -- - - - -- - 184 151
58-11-04 16.1 - S70 - -- -- - - -- - 98 -
65-03-08 -- 17 910 -- 320 -- 30 12 9.8 .8 133 --
67-01-26 13.8 13 390 -- 0 -- 12 Seé 8,4 5 64 -
51-02-15 13.3 16 520 - - - 6.4 1.0 -- - 62 -
54-09-03 -- - 510 - -- - - - -- -- 136 112
66-09-22 - -- 120 - - - - -- - - 476 -
65-03-02 -- 11 20 - 0 - 3.3 1.3 6.3 3 28 -
65-03-12 - -- 190 - - - - - - - 52 -
65-09-24 - - 7000 - - - - - - - 46 -
67-03-20 15.5 -- -- - -- -- - -- - - 68 --
64-07-29 -- - 90 -- -- -- - - - - 60 -
65-03-12 -- - 11000 - - -- - - - - 52 -
67-06-08 13.8 17 760 -- 90 - 9.5 2.3 7.3 °2 58 -
68-06-26 - 18 210 -- 70 -- 7.9 2.3 13 5 58 48
64-10-30 14.4 11 1800 -- 80 - 7.1 3.8 10 N.) 52 -
65-03-12 - - 760 - -- - - - - - 70 -
65-03-12 -- 16 . 1000 -- 20 -- 8.2 4,7 16 ol 70 -
51-10-22 15.0 13 130 - 0 -- 10 5.5 17 o8 76 62
58-11-03 15.0 16 1200 -- 40 - 11 6.0 19 YA 77 -
65-09-02 - -- 1600 - - - - -- -- - 78 -
65-03-12 - - 100 - - - - - - -- 292 -

42




BALLARD COUNTY

NITRO- NITRO=~ SOLIDS» SPE-

CHLO- FLUO- GEN» GEN, RESIDUE HARD- CIFIC

SULFATE RIDE» RIDE IODIDEs BROMIDE NITRATE NITRATE PHOS~- AT 180 HARD=- NESS, CON-

DATE DIs- DIS- DIS- DIS- DIS- DIS- DIS- PHORUS DEG. C NESS NONCAR~- DUCT~

OF SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED TOTAL DIS- (MG/L BONATE ANCE
SAMPLE (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L SOLVED AS (MG/L (MICRO-

AS 504) AS CL) AS F) as I AS BR) AS NO3) AS N) AS P) (MG/L) CACO03) CACO3) MHOS)
(00945) (00940) (00950} (71865) (71870) (71851) (00618) (00665) (70300} (00900) (00902) (00095)
65-09-16 24 8.0 2 -- -- 4.8 -- -- - 65 11 201
65-09-16 1.2 3.0 ol - - «30 - -- - 79 0 179
65-09-24 6.8 22 2 -- - 34 - - - S8 0 311
66-03~15 4e4 7.0 5 - - 1.0 - - 356 353 0 664
65-09-08 8.0 11 ol - - 25 - - - 39 21 139
54-09-03 11 15 o0 - -- 20 - - 229 134 0 389
68-04~15 5.2 4.0 o1 - -- 10 - - 66 38 0 120
66-03-08 2.8 3.0 .0 -- - - -- -- - 33 0 101
66=-11-18 et 4.0 - -- -- «50 - -- 47 28 0 82
66-03~-09 4e2 5.0 2 -- - 1.8 -- - 140 106 0 257
66-06~-22 2.0 3.0 -0 - - «30 -- -- -- 15 0 54
66-06-23 2.6 3.0 ol -- - «20 - - 49 15 0 51
66-03-15 5.2 3.5 o2 - - «20 -- - 80 47 0 131
65-09-08 14 25 o1 - - «60 - -- - 76 6 248
65-09-24 1.6 3.0 .1 - - 40 - -- -- 15 0 60
06-00-00 17 24 - - - - - -- - 150 0 -
54~-08-31 6.7 28 o7 - - - -- - -- 85 0 395
66-03-09 7.8 27 .8 -- -- «50 -- -- 214 87 0 382
54-08-31 6.7 28 o7 - -- 10 «02 -- -- 85 0 385
58-11-04 11 4.0 0 - -- 10 -- -- -- 79 0 201
65-03-08 23 7.5 ol -- -- .10 -- -- 159 125 16 281
67-01-26 10 6.0 ol - - «20 - -- -- 52 0 146
51-02-15 1.3 1.8 0 - -- .10 -- -- 66 20 0 97
54~09~03 8.9 Tes «0 - - «30 «07 - - 94 0 237
66-09-22 6.0 10 - - - 2e7 - - 410 348 0 686
65-03-02 .0 2 o0 - -- 3.7 - - 50 14 0 63
65-03-12 2.0 6.5 0 - - l.4 -- - - 26 0 106
65=09~-24% .8 6e0 ol - - 020 - - - 21 0 98
67-03-20 4.0 6.0 -- -- - 2.1 -- -- 88 31 0 129
64~07-29 4,4 12 3 -- - 2.6 - -- -- 31 0 146
65-03-12 2.4 5.0 «0 -- -- «40 - -- -- 24 0 103
67-06-08 1.2 4.0 «0 - - .00 -- - 70 33 0 106
68-06-26 2e4 6.0 e 0 -- - -- - -- 82 29 0 116
64-10-30 7.2 8.0 2 - - 20 - -- 84 33 0 117
65-03~-12 4.4 7.5 «0 - -- 24 -- -- - 28 n 143
65'03-12 402 8.5 o0 - - 104 - - 105 40 0 145
51-10-22 3.6 8.5 o1 - - -- - -- 105 48 n 174
58-11-063 -0 13 o1 -- - 12 -- -- 118 52 ) 195
65-09~02 10 10 .1 - -- 12 - - - 57 n 196
65-03~-12 31 16 o2 - - 20 - - - 254 14 585

43




LOCAL
IDENT-
I-

ﬂéP STATION NUMBER FIER
36, 370354088520901 C. RICHARDS
37, 370355088563801  UNKNOWN
38, 370403088540201 BALLARD COUNTY, KY,
39, 370403089083901  TWIN MOUNDS
40, 370429089031401 E. C. KING
41, 370435088582601 CITY OF LA CENTERs KY.
42, 370445088543401 T. J. BOWLES
43, 370504088531601 CITY OF KEVILs KY,
44, 370620088573801 w. MERIWETHER
45, 370633088562801 G. CRICE
46, 370641089024001 H. ADAMS
47.7370642088541901  H. GRAVES
48, 370655088595701  J. BERRY
49, 370702089051801  RENFROW RANCH
50, 370719089013601 K. THOMAS
51, 370720089030101  HORACE OWENS
52, 370723088540701 He MAUPIN
53, 370759088552301 F.C. BRATTON
54, 370833089011101 W. FARMER
55, 370838088564801 BANDANA GRADE SCHOOL
56. 370848089004901  R. ALVEY
57. 370855089000501 J. DULWORTH
58, 370916088544201 J.D. MC ALEE
59. 370923089042401  KY. DEPT. OF FISH & WILDLIFE
60, 370956088564601  L.H. RANDOLPH
61. 371056089012001 B. BALLARD
62, 371058089012801 BALLARD COUNTYs KY.
63, 371104089013101  BALLARD COUNTY WILDLIFE
64. 371113088551201 G. THROGMORTON
65. 371114088572701 R. TATUM
66. 37112608858450]1  WPSD-TV
67. 371149088572001 A. W. YOUNG
68. 371157088593001  LOY SLEDD

DATE
OF
SAMPLE

64-07-28
65-03-12
65-03~-09
67-06-08
54-09-03

65-03~-12
54-09-02
54-09-03
64-10-26
65-02~15

65-02-15
65-05-21
64-06-30
65-03-09
67-06-08

66-06-22
54-09-03
65-02~15
64-06~30
64-06-30

57-10-30
54~09-02
64-05~14
64-05-14
64-05-14

65-11-20
66~04-26
51-07~03
65-08-26
58-06-17

57-10-30
64~05-14
64-06-30
64-05-14
64~05~14

54~09~02
54-09-03

BALLARD COUNTY

GEO~
LOGIC
UNIT

124CLBR
111AMOT
124CBWX
111AMOT
112LFTT

112LFTT
124CLBR
124CLBR
124CBWX
112LFTT

124E0CN
124E0CN
21 1MCNR
112LFTT
111aM0T

111AMOT
112LFTT
112LFTT
112LFTT
21 1MCNR

111AMOT
211MCNR
211MCNR
111AMOT
112LFTT

112LFTT
112LFTT
112LFTT
111AMOT
1120TSH

111AMOT
112LFTT
112LFTT
112LFTT
112LFTT

112LFTT
1120TSH

44

DEPTH DEPTH
ELEV. TO TOP TO BOT~-
OF LAND DEPTH OF TOM OF
SURFACE OF SAMPLE SAMPLE DENSITY
DATUM WELL » INTER- INTER=- (GM/ML PH
(FT, TOTAL vaL VAL AT
NGVD) (FEET) (FT) (FT) 20 C) (UNITS)
(72000) (72008) (72015) (72016) (71820) (00400)
445,00 115 - 115 - 6.8
358.00 18 - - - 5.8
385.00 143 - - -- 6.1
330000 45 - 45 - 6-4
- 84 - - - 7.5
368.00 92 - - - 6.4
- 70 - -- - 7.0
432.00 70 - 70 - 6.9
425,00 180 -- 180 - 6.8
-- -- -- -- - 649
- -- -- 87 - 7.9
365000 65 - - - 6.7
411.00 244 - 244 - 7.6
- 40 -- -- - 6.2
320.00 37 - 37 - 5.9
325.00 50 - 50 - 6.7
- 48 -- - -- 7.5
383.00 75 - - - 6.6
- 67 - 67 - 7.1
- 280 - 280 - 6.9
- 78 - - - 6¢5
-- 116 -- -- - 7.9
-~ 107 -- 107 -- 6.8
-- 33 -- 33 - 6.9
-- 62 -- 62 - 7.3
321.00 70 -- 70 -- 6.7
321.00 70 -- 70 -- 6.4
- 46 - 46 - 6.2
326.00 28 -- 28 -~ 6.0
— 58 - 58 - 6.7
-- 54 - - - 6.7
-- -- - 46 - 6.6
- 46 . - - -
-- 58 - 59 -- 6.6
-- 70 -- 70 -- 6.5
-- 60 -~ -- - 6.6
- 27 - 27 - 6.2




DATE
OF
SAMPLE

64-07-28
65-03-12
65-03-09
67-06-08
54-09-03

65-03-12
54-09-02
54-09-03
64-10-26
65-02-15

65-02-15
65-05-21
64-06-30
65-03-09
67-06-08

66-06-22
54-09-03
65-02-15
64-06-30
64-06-30

57-10-30
54=09-02
64-05-14
64-05-14
64-05-14

65-11-20
66-04-26
51-07-03
65-08-26
58-06-17

57-10-30
64~-05-14
64-06-30
64-05-14
64-05-14

54-09-02
54-09-03

TEMPER-
ATURE
(DEG C)
(00010)

SILIC
DIS-
SOLV
(MG/
AS
SI0e
(0095

12
16
12

12
13
20
10
13

22

Ao

Ev
L

)
5)

IRON

(UG/L
AS FE)
(71885)

80
130
2400
1000
650

390
350
130
230
1400

1300
60
1100
80
110

12000
250
440
230

4400

520
15000
5600

50

19000
18000
510
480
6400

900
140
220
210

670
3000

IRON.
DIS-
SOLVED
(UG/L
AS FE)
(01046)

MANGA-
NESE

(UG/L
AS MN)
(71883)

BALLARD COUNTY

MANGA-
NESE »
DIS~-
SOLVED
(UG/L
AS MN)
(01056)

45

CALCIUM
DIS-
SOLVED
(MG/L
AS CA)

(00915)

MAGNE -
STUM,
DIS-

SOLVED

(MG/L

AS MG)

(00925)

SODIUM,
DIS-
SOLVED
(MG/L
AS NA)
(00930)

11
47
14

28
21
31
32
23

POTAS-
SIUM,
DIS-

SOLVED

(MG/L

AS K)

(00935)

5
2«8
ol

3
b

BICAR-
BONATE
(MG/L
AS
HCO3)
(00440)

144
18
54

149

162

69
75
186
108
75

136
138
ans
68
18

486
144

57
142
130

112
187
193
232
182

76
78
58

6
50

50
123
121
118

129
18

ALKA=-
LINITY
(MG/L
AS
CaCo3)
(00410)




BALLARD COUNTY

NITRO- NITRO- SOLIDS, SPE~

CHLO- FLUO- GENy GEN, RESIDUE HARD- CIFIC

SULFATE RIDE, RIDE, IODIDEs BROMIDE NITRATE NITRATE PHOS~- AT 180 HARD =~ NESS, CON-

DATE DIS- DIS- DIS- DIS- DIS- DIS~ DIS- PHORUS» DEG. C NESS NONCAR- DUCT-

OF SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED SOLVED TOoTAL DIS- (MG/L BONATE ANCE
SAMPLE (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L (MG/L SOLVED AS (MG/L (MICRO-

AS 504) AS CL) AS F) AS 1) AS BR) AS NO3) AS N) AS P) (MG/L) CACOd) CACO3) MHOS)
(00945) (00940) (00950) (71865) (71870) (71851) (00618) (00665) (70300) (00900) (00902) (00095)
64-07-28 5.6 30 o4 -- -- 12 - - - 60 0 357
65-03-12 S8 60 o0 - - «40 -- -- - 78 63 364
65-03-09 7.6 4.5 ol - - 10 - - 73 33 0 119
67-06-08 35 9.0 o2 - - 9.0 - - 207 160 38 348
54-09-03 o7 3.8 ol - - 10 2.3 - 148 115 0 271
65-03-12 11 18 ol - - 25 - - 150 52 0 244
54-09-02 2.6 10 ol -- - «20 «05 - 92 30 0 150
54-09-03 11 15 o0 - - 20 - -- 229 134 0 389
64-10-26 6.0 16 el -- - 2.2 - - 134 45 0 238
65-02-15 b 10 el - - 6.2 - - 105 30 0 168
65-02-15 19 66 o1 - - 4.4 - - - 76 0 482
65-05-21 16 14 2 -- - 20 - - - 117 4 316

64-006-30 10 12 ol - =- 10 - a Bl == 162 N | . 1 -] -

65-03-09 12 18 ol - - 103 - - - 82 26 386
67-06-08 15 240 - - -- 24 S - 83 40 25 114
66-06-22 8.8 21 2 - - 3.8 - - 464 389 0 784
54-09-03 3.8 5.8 o4 - - 1.6 «36 - - 120 2 252
65-02~-15 109 54 ol - - 92 - - 449 150 103 670
64-06-30 59 60 o1 - -- 86 - - - 195 78 606
64-06-30 9.2 16 . o0 - - 20 - - - 93 0 273
57-10-30 7.0 18 2 - - - - - - 17 0 259
54-09-02 16 3.2 0 - - «00 «00 - 180 120 0 311
64-05~14 8.8 3.0 «0 - - «10 - hatad - 123 0 316
64-05-14 b 4.0 ol - -- 27 - - - 141 0 405
64-05-14 5.6 22 2 - -- 15 -- - - 131 0 388
65-11-20 3.2 5.0 o2 - - «20 - - - 66 4 146
66-04-26 9.6 4.0 el -- -- 10 - - 105 63 0 155
51-07-03 3.1 8.8 ol - - 62 - -- 204 59 11 232
65-08-26 16 7.0 o0 - - 50 - - - 57 52 165
58-06~17 14 8.5 el -- -- 3.1 -- - 103 54 13 154
57-10-30 1.0 3.0 ol - - - - - - 31 0 96
64-05-14 3.6 20 ol - - 26 - - -- 73 0 346
64-06-30 - - - - - -- -- - -- - - -
64~05-14 5.2 22 «0 -- - 21 - - - 82 0 .308
64-05-14 10 32 o0 - - 37 -- -- - 119 22 389
54-09-02 4e1 23 3 - - 19 4¢3 - - 94 0 342
54~-09-03 6.7 3.2 ol - - 11 - - 68 19 4 80
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10!
05!
5
50!
36°45!

BARREN COUNTY

37°00'

85%45"

KENTUCKY

86°00"
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MAP
NO.

1.
2,

14,

15,
16,
17.
18,
19,

20,

21,
22,

24,

25,
26,
27.
28,

STATION NUMBER

364606086014601
364700086U2U50]

364739085534001
364752086022001

o 364949085592301

365049086024401
365127085444901
365230085581001
365422085573901
365450086021601

365458085582301
365607086031301
3659624085925301

365633085501101

365640085523501
365655085542901
365751085453801
365828085481401
365838085454301

365845085555601
365857.085465401
365915085472001
365924085481201
369948085502301

370053085582301
370101085582201
370127089561301
3701085550701

LUCAL
IDENT -
I-
FIER

MSe. ANNIE PARDUE
Aside & OEWEY=STEENBERGER

OLIESKY
MUSS BrAJUSHAW
Je & V. OIL CO,

RUDNEY JEwELL
NORRIS #]1=-T.He
LeBe FIbﬁtR
JeCs BULL #]
UNKNOWN

WUKD

RUBERTSUN OIL CO.
Ce JEWELL
PedJde O0WEILL

Te e SMITH

UWENS OlL
UNKNOWN

CHARLES PERKINS
RAYMOND QUSTER
JAMES MARTIN

CLARENCE BARTOUN
NELSUN GAMON
HUBERT srOUDY
SANFORD FERGUSON
AERMAN BURRIS

CeEes JUNES
CeEe JUNES
ELMORE LEASE
WNeAsPUTTYS

DATE
OF
SAMPLE

53=07-21
93~04-08
99~=06=09
55=08~30
95=-11~-10

So=g6~21
56~10=03
57=05-14
57-08=11
58-03-04

24-08=22
S4=11-20
59=08~04
53-07=22
69~07~00

53=07-15
7i-10-13
55=-08=01
68-05=-2¢
71=07~-07

66~06-23
71-09~-08
69-11-00
09=-11=00
To=09=22

66~-06-23
71=09~-08
79=06=25
79=06~-26
79=06=29

B2=02-26
79=-06~20
79-06~20
19=06-27
79~06~27

59=U6=24
59-(6=24
71-09-08
69=00-00
69=01=01

BARREN COUNTY

GEO~
LOGIC
UNIT

350SLRN
354LVLL
354LVLL
354LVLL
354LVLELL

354LVLL
354LvVLL
354LVLL
354LVLL
354LVLL

354LVLL
354LVLL
338056¢
337F RPN
36100vVCU

337FRPN
361LPRS
332MNRD
354BRPR
354L06GD

350SLRN
354L06GD
367KNOX
367KNOX
361LPRS

350SLRN
354L060
3335TLS
333SMWR
333SMWR

332MNRD
3335TLS
333STiLS
333STLS
333SMWR

332MNRD
3I32MNRD
3578FLD
364LANG
364L XNG

49

ELEV.
OF LAND
SURFACE

DATUM

(FT.

NGVD)

(72000)

DEPTH

OF

WELL

TOTAL

(FEET)
(72008)

135
SP

SP
SP
SP

54

1825
1825

SP
i00

1001

VEFTH
TO TOP
OF
SAMPLE
INTER=-
VAL
(FT)
(72019)

1810

995

DEPTH
TO 8OT=-

TOM

OF

SAMPLE
INTER=-

VAL

(FT)
(72016)

275

244

280

1825
1618

232

100
390
1001l

DENSITY
(GM/ M
AT
20 C)
(71820)

PH

(UNITS)
{(00400)



VATE
OF
SAMPLE

53=-07=21
53=-04=08
55=06-09
55-08-30
Hh=11-10

56=06-cl
56-10-03
57-05-14
57-08-11
58=03-04

58=-08-¢22
58=11=20
H5=08=(04

53-07=22
69=-07-00

953-07-15
71-10~13
55=08-01
68-05=-22
71-07=-07

b6=06-23
71=-09=-08
69~-11=00
69=11=00
Tu=09~-22

66=06-23
71-09=-08
T9=06=2b
79-06=26
79-06-25

52=02-26
79-06-26
79-06-26
719=-06-27
79-06-27

59-06-2¢
59=06=24%
71=-09-08
69=00-00
69-01-01

TEMPER=-
ATURE
(bEv C)
(uovlo?

i7.2
12.2
l4.4
13.8
13.8

l4.4
12.2
16,4

12.2

15.5
13.8
—13.8

15.5

SILICA.
DIS-
SOLVED
(ML/L
AS
S102)
(Q0U955)

Tebd

IRON

(UL /L
AS Ft)
(71889)

530
230
2iv
15¢
260l

37u
30
E1]
120
30

30
43y
g

IRON
0is-
SULVEUY
(UG/L
AS FE)
(01046)

12

2u0
190

230
450000
324

920U

120000
1900
1200

640000

1200000

610

270
190
100000
10

MANOLA =
NESE
(UG/L
AS MN}
(71883}

BARREN COUNTY

MANGA~
NESE »
DIS-
SOLVED
(Ue/L
AS MN)
(01056)

50

CaLCIium
DIS-
SOLVED
(MG/L
AS CA)

(00915)

28

4700
6970

MAGN
Slu
DIsS

SULV

(MG/

AS M

(0092

8

1490
900

789
1600
572
462
1750

823
1200

1800
2720

E=
My
£V
L

)
5)

o

POTA
SODIUM. SIuU
LIS- vIs
SOLVED S0LV
(MG/L (MG/
AS NA) AS K
(00930) (0093
1.2
25 3
71900 210
21700 200
14000 190
15800 les
26000 310
8100 205
8190 197
7250 136
15900 146
15000 240
1698 27
25000 230
38400 477

Se
My
ED
L
)
5)

b

BICAR=-
BONATE

(MG/L
AS
HCO 3}

(00440}

220
113
ja2
i76
lo7

168
176
l44
145
162
164
—151
102
132

132
0
2l4
0
124

164
2
385
410
2l

556

ALKA=
LINITY
(MG/L
AS
CaCu3)
(00410)




DATE
oF
SAMPLE

53=-07-21
53~-04-U8B
55~06~09
55=-08-30
55=11-10

b5b=06~21
56-10-03
57~-05~14
57-08-11
58~03-04

b8~08~22
58=11=20
55-08-04
53=07=22
69=07-00

53=07~15
71-10~13
55~-08=-01
68-05-22
7i=07-07

66~06-23
71-09-08
69=11-00
69~-11-00
70=09-22

66=06-23
71-09-08
719-06-25
79=-06-26
79-06-25

52=02-26
79-06-26
79-06-26
79-06-27
79-06-27

Sy=06-24
59=06-24
71-05-08
69-00~00
69-01-01

SULFATE
Uis-
SOLVED
(Mo/L
AS 504)
(00945)

46
11
18
23
24

25
24
17
24
15

19

i6
9.9
le6

12u0

2.3
850

9.7
95
750

1640
2500
2690
2840

298

2450
2100
2.9
150
430

1011

200
3.8

28

14

30

115
l.6

925

CHLO~-
RIO0b

LIS~

SOLVEU
(MG/L
AS CL)
(00940)

3.5
leb
2oV
2s8
5.0

4oy
13
led
S0
3.0

4eb
6.4
60
2eb
26

5e2
30000

Z2sV
43000
28000

29800
50000
14400
14700
i4lo00

28700
37000

4.6

4o
53000
78000

FLUU=-
RIDE 9
DIs=
SuLveu
(MG/L
AS F)
(00950)

3
ol
ol
]
ol

oV
«3
ol

ol

Y
2
ol
«0
3

2<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>